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PREFACE
A young fem ale p a t ie n t ,  aged 17, who had been known 
to  s u f f e r  from th e  e f f e c ts  of chronic  n e p h r i t i s  f o r  sev e ra l 
y ears  was adm itted  to  Storehouse H o sp ita l w ith  chronic 
re n a l f a i l u r e .  In  o rder to  ga in  an e s tim a te  o f the  
s e v e r i ty  o f th e  kidney co n d itio n , an e x c re tio n  and c lea ran ce  
t e s t ,  u sing  in u l in  and p-am inohippurate, was c a r r ie d  out 
w ith  th e  a s s is ta n c e  of Dr. J .E . Craik* The r e s u l t s  
ob tained  were most in te r e s t in g  and v a lu ab le . As a d i r e c t  
consequence the  stim ulus to  ca rry  out th e  in v e s t ig a t io n s , 
which form th e  b a s is  of th i s  th e s i s ,  was c re a te d .
There was an opp o rtu n ity  to  study tu b e rc u lo s is  
of th e  kidney in  Storehouse h o sp ita l*  i-Ir. W.S. ilack and 
Dr. A lexander Smith perm itted  me to  in v e s t ig a te  th e  p a t ie n ts  
who had been adm itted  su ffe r in g  from suspected  re n a l 
tu b e rc u lo s is . Dr. Craik generously  made th e  m a te r ia ls  
req u ired  f o r  the  t e s t  a v a ila b le , w hile Dr. Anderson and 
Dr. Kenny provided th e  la b o ra to ry  f a c i l i t i e s  a t  the  




An attem pt has been made to  a sse ss  th e  va lue  of
U) c l in ic a l  f in d in g s
( 2 ) th e  a n c i l la r y  methods of in v e s t ig a tio n  
(in trav en o u s pyelography, cystoscopy and 
re tro g rad e  pyelography)
( 3) u re a  c lea ran ce  t e s t s  and
( 4 ) th e  Inulin/PAH e x c re tio n  and c learance  
t e s t s .
As a l l  o f th e  p a t ie n ts  s tu d ied  have undergone 
nephrectomy th e  specimens were a v a ila b le  f o r  d e ta i le d  
exam ination. The f in d in g s  were c o rre la te d  w ith  those  
a lread y  mentioned and an assessm ent made of th e  r e la t io n s h ip  
between them. As th e  modem methods of a n ti- tu b e rc u lo u s  
chemotherapy developed so a f u r th e r  in te r e s t in g  
assessm ent could be made, v iz .  in  regard  to  th e  b e n e f i t  
and re a c t io n  of th e  d iseased  t i s s u e  to  th e  drugs being 
p re sc rib ed  to  th e  p a t ie n ts  under review . T h e ir e f f e c t  was 
ev id en t in  th e  h is to lo g ic a l  s e c tio n s  of th e  kidneys 
removed a t  o p e ra tio n .
An in c id e n ta l  f in d in g  o f co n sid erab le  i n t e r e s t  was 
th a t  a few cases were h y p e rten siv e  and th a t  nephrectomy 
re s to re d  a normal blood p re ssu re  in  most. S pec ia l m ention 
w i l l  be made of t h i s  in  ch ap te r XI.
The In u lin /p -am in o h ip p u ra te  e x c re tio n  and c le a ra n c e /
c lea ran ce  t e s t  was c a r r ie d  out on th re e  occasions in  th e  
tw enty two p a t ie n ts  who formed th i s  s e r ie s
(1) p r io r  to  nephrectomy
( 2 ) one week a f t e r  nephrectomy and
( 3 ) s ix  months a f t e r  nephrectomy.
I t  was found
(1) when a k idney w ith  a minimal tub ercu lo u s  
le s io n  i s  removed a la rg e  amount of 
norm ally  fu n c tio n in g  re n a l t i s s u e  i s  l o s t
so th a t  d e sp ite  hypertrophy o f th e  rem aining 
k idney, th e  lo s s  i s  n o t com pletely made 
good.
( 2 ) when a k idney w ith  a  moderate tu bercu lous 
le s io n  i s  removed, a r e l a t iv e ly  sm all 
amount o f norm ally fu n c tio n in g  re n a l t i s s u e  
i s  l o s t .  A fte r  nephrectomy, hypertrophy in  
th e  rem aining kidney makes good th e  su rg ic a l 
lo s s .
(3) When a kidney w ith  a severe tu bercu lous le s io n  
i s  removed p r a c t ic a l ly  no norm ally fu n c tio n in g  
re n a l t i s s u e  i s  removed. Hypertrophy of th e  
rem aining kidney r e s u l t s  in  an ab so lu te  gain  in  
t o t a l  re n a l fu n c tio n .
The presence o f a  tubercu lous k idney 
in h ib i t s  compensatory hypertrophy o f th e  
c o n t r a - la te r a l  h e a lth y  k idney.
CHAPTER I
HISTORICAL REVIEW
In  th e  course of th e  l a s t  150 y ears  th e  physio logy 
of th e  re n a l t r a c t  has undergone co n sid erab le  in v e s t ig a t io n . 
As each p h y s io lo g is t  or c l in ic ia n  in troduced  some new 
in te r p r e ta t io n  or d isco v ery  a review  of th e  preced ing  
knowledge was in e v ita b ly  a sso c ia te d  w ith  i t*
Urea, which i s  th e  main n itrogenous end product of 
p ro te in  d ig e s t io n , and, w ith  w ater, th e  c h ie f  c o n s ti tu e n t 
o f u r in e , was f i r s t  p repared  by R ouelle (1773) by th e  
a lc o h o lic  e x tra c tio n  of evaporated human u r in e . I t  i s  
a lso  in te r e s t in g  to  ap p re c ia te  th a t  R ouelle extended h is  
in v e s t ig a t io n s  to  o th e r anim als and dem onstrated th e  
p resence o f u re a  in  the  u r in e  of the  cow, horse  and camel. 
Fourcroy, ( I 8O4.) w rote th a t  th e  expu lsion  of u rea , c a lle d  
by him u ree  to  d is t in g u is h  i t  from u riq u e  (u r ic  a c id ) , i s  
rth e  p r in c ip a l  and th e  most necessary , th e  most rem arkable 
purpose of u r in a ry  ev acu a tio n 1. R. B righ t (1827) 
dem onstrated an excessive  value  of th e  blood u re a  in  
p a t ie n ts  who had oedema and c o rre la te d  th i s  f in d in g  w ith  a 
lowered value  of u re a  in  u r in e  which contained  a lb u m in ./ These
P
These f a c ts  were th e  b asic  e s s e n t ia l  fe a tu re s  of th e  
d ise a se  -  n e p h r i t i s  -  which i s  now given h is  name as 
an eponym.
Wohler (1828 ) i s  b e liev ed  to  have been th e  f i r s t  
to  c re a te  u re a  a r t i f i c i a l l y  from ammonium cyanate.
Dumas and Cahours (1842) proved th a t  u rea  re s u lte d  from 
th e  combustion of food m a te r ia l comprised of p ro te in .: 
T h e re a fte r  th e  term  uraem ia became a sso c ia te d  w ith  re n a l 
in s u f f ic ie n c y  though, nowadays, i t  i s  considered th a t  
accum ulation o f u re a  in  th e  blood stream  i s  n o t th e  p re c ise  
and s p e c if ic  cause of th e  symptoms and signs desc rib ed  as 
re n a l in s u f f ic ie n c y .
At th e  beginning o f th e  cen tu ry  e s tim atio n s  of blood 
u re a  were in troduced  as c l in i c a l  t e s t s  of e f fe c t iv e  re n a l 
fu n c tio n . F o lin  ( 1917) developed fu r th e r  biochem ical 
methods and to  them were added th e  e v a lu a tio n  of n o n -p ro te in  
n itro g en , c re a t in in e  and u r ic  ac id , a l l  o f which a re  
a p p rec iab ly  ra is e d  in  advanced kidney d is e a se .
Ambard and W eill (1912) attem pted to  c re a te  an equation  
which would g ive a s ig n if ic a n t  value fo r  kidney fu n c tio n , 
r e la t in g  th e  q u a n tity  of u r in e  excreted  p e r u n i t  tim e to  
th e  q u a n tity  in  each ml., of plasm a. P h y s io lo g ic a lly  some 
d i f f i c u l t y  was found In  expanding th i s  p r in c ip a l .  A u s tin /
A ustin , S tillm an  and Van Slyke (1921) c a r r ie d  out f u r th e r
in v e s t ig a t io n  on th e  in flu en ce  of u r in e  flow  on th e
exam ination of u re a  in  man and c rea ted  a more accep tab le
equation  -  U V x l  / a/\T*= K, which i s  equal to  = K.
B B
Where U i s  th e  u r in e  u rea  (mgms. p e r 100 m l.) B i s  the
blood u re a  (mgms. p e r  100 m l.) and V in  th e  u r in a ry  volume
(m is. p e r  m inu te). In  a l l  o f th ese  c a lc u la tio n s  V was
co rre c ted  to  body su rface  a re a  of 1*73 sq.m s. re p re se n tin g
th e  average su rface  a rea  o f a d u lts .  When th e  maximum
clea ran ce  was more than 2 ml. p e r  minute i . e .  above th e  so
c a lle d  augm entation l im i t  th e  r a te  of ex c re tio n  i s  a t  a
maximum. I t  i s  then  sim ply p ro p o r tio n a l to  th e  blood u re a
c o n ce n tra tio n  and i s  not in c reased  by any a d d itio n  of u re a
in  th e  volume of u r in e . Mohler, McIntosh and Van Slyke (1929)
coined th e  word ’clearance* f o r  th i s  type  of form ula;
acco rd in g ly  U V was c a lle d  maximum c lea ra n c e . F u rth e r
B
when th e  u r in e  volume i s  below th e  augm entation l im i t  of 2ml. 
p e r  m inute, th e  r a te  of e x c re tio n  i s  slow er than  a t  h ig h e r 
u r in e  volumes and d im inishes p ro g re s s iv e ly  as th e  u r in e
volume d ec rea se s . The r a te  of e x c re tio n  of u re a  i s  no t
only d i r e c t ly  p ro p o r tio n a l to  th e  value  of th e  blood, u r e a /
u re a  b u t i s  so changed by th e  u r in a iy  volume th a t  i t  i s  
p ro p o r tio n a l to  th e  square ro o t of th e  u r in a ry  volume, Y; 
thus th e  ’standard* c lea ran ce  i s  denoted by th e  form ula
U Vf.
B
More re c e n tly , work has proceeded to  f in d  o th e r methods 
of e s tim a tin g  re n a l fu n c tio n . Smith H.W. e t.a l( l9 4 1 >  194-3) 
have in v e s t ig a te d  o ther substances which could produce a more 
p re c ise  e v a lu a tio n  of re n a l fu n c tio n . In  t h e i r  t e s t s  k idney 
fu n c tio n  was d iv ided  in to  th re e  d i s t i n c t  p a r t s s -
1 . g lom erular f i l t r a t i o n
2. tu b u la r  fu n c tio n  and
3 . th e  r a te  of re n a l blood flow .
In  th e  Homer Smith type of t e s t  th e se  th re e  e n t i t i e s  
a re  estim ated  in d iv id u a lly  bu t s im ultaneously . A ll substances 
in  so lu tio n  in  th e  plasma a re  f i l t e r e d  by th e  g lom eru li 
provided t h e i r  m olecular s iz e  Is  le s s  than  th a t  o f serum 
albumin, i . e .  a  m olecular weight of l e s s  than  70,000. The 
g lom erular f i l t r a t e  flows in to  th e  tu b u le s  and in  th e  passage 
through th e  tu b u le s , so lu te s  a re  d e a l t  w ith in  one of th re e  
ways
1 . they  may be reabsorbed by th e  tu b u la r
ep ithe lium . This p rocess may be (a) complete, 
as fo r  example w ith  g lucose; or (b) p a r t i a l /
r*.O
p a r t i a l  as w ith w ater, sodium, potassium  and 
c h lo rid e .
2 . more so lu te  may be a c t iv e ly  excreted  by th e  
tu b u le  c e l l s  w ith  th e  g lom erular f i l t r a t e ,  
c re a t in in e ,  d io d ra s t  and p e n ic i l l in  being 
substances of th i s  n a tu re .
3* th e  tu b u le  c e l l s  may have no a c tio n  on th e
so lu te . Only one substance i s  known which i s  
n e i th e r  absorbed nor excreted  by th e  tu b u le s , 
th i s  i s  in u l in ;  c re a tin in e , th io su lp lia te , and 
m annito l undergo tu b u la r  e x c re tio n  in  r e la t iv e ly  
sm all p ro p o rtio n .
Provided th e  re n a l c lea ran ce  of a substance, such as 
in u l in ,  in  catego ry  3 i s  known, the  c lea ran ce  of any o th e r 
substance im m ediately g ives in fo rm ation  as to  th e  a c tio n  of 
tu b u le  c e l l s  in  i t .  I f  th e  value  i s  l e s s  th an  th a t  of in u l in  
some of i t  i s  reabsorbed by th e  tu b u le s ; i f  th e  va lue  i s  g re a te r  
than  th a t  of in u l in  some i s  excre ted  by th e  tu b u le s , and i f  
th e  value  i s  equal to  th a t  of in u lin  i t  has n o t been in fluenced  
by th e  tu b u le s .
Glomerular f i l t r a t i o n  R ate .
In u lin ,w h ich  has a m olecular w eight of 5,200, a 




(1) f i l t e r e d  by th e  glom erulus
( 2) n e i th e r  reabsorbed nor excreted  
by th e  tu b u le s
( 3 ) chem ically  in e r t
( 4 ) no t a l te re d  chem ically  by any 
blood enzymes
( 5) com pletely excreted  in  th e  u r in e  
fo llow ing  in travenous in je c t io n .
In  th e  search  which Smith H.W. (1938)
and h is  a s s o c ia te s  undertook, many years  were sp en t in
proving  th a t  th e  tu b u le  c e l l s  had no a c tio n  on in u l in .
One o r two o f t h e i r  experim ents a re  worthy of m ention as
i l l u s t r a t i o n s . o f th e  com pleteness of t h e i r  work.
1 . They made t i s s u e  c u ltu re s  o f is o la te d  loops
of re n a l tu b u les  and immersed them in  so lu tio n s  
co n ta in in g  in u l in .  No m a tte r how long th e  loops 
were l e f t  in  in u l in  so lu tio n , no in u l in  appeared 
in  th e  lum ina of th e  tu b u le s .
2. They in je c te d  in u l in  in to  th e  lum ina of s im ila r ly  
is o la te d  tu b u le s  and showed th a t  th e  in u l in  was n o t 
reabsorbed .
3. Some of th e  low er f i s h ,  elasmobranch.£,have kidneys 
w ithout g lom eru li. Homer Smith showed th a t  th e se
f i s h  were incapab le  of ex cre tin g  in u l in  in  t h e i r  
ir in e .
The fo llow ing  i s  a  ta b le  of com parative c lea ran ces  
and i l l u s t r a t e s  th e se  p o in t s : -
GLUCOSE CLEARANCE NIL ) Eeabsorbed
I bv tubu les. UREA CLEARANCE 70 ml. p e r  m in.)
INULIN CLEARANCE 120 m l.p e r min.
EXOGENOUS CREATININE CLEARANCE 170 m l.p e r m in.) ^  ^ n , ^ Excreted  by
PAH CLEARANCE 600 m l.per m in .) tu b u le s .
Renal Blood Plow.
Sheehan, Ii.L . (1931) in  th e  o r ig in a l  experim ents in  th e  
measurement of re n a l blood flow  used th e  red  dye No. 90 which 
was com pletely  e x tra c te d  by th e  k idney from th e  blood p assing  
through i t .  As a l l  of th e  dye i s  excreted  in  th e  u r in e  i t s  
c lea ran ce  i s  eq u iv a len t to  th e  re n a l plasma flow . This dye 
i s  poisonous so i t  cannot be used in  th e  human s u b je c t.
Search was made to  f in d  some o th e r non -tox ic  substance. 
D io d rast was used a t  the  o u ts e t bu t p-am inohippuric ac id  i s  
m ostly  used now, and has been employed throughout th e  p re se n t 
in v e s t ig a t io n .
E xcre tion  of d io d ra s t  and hippuran  by th e  tu b u les  in  
th e  ra b b i t ,  dog and man was d escribed  by Elsom, B ott,
S h ie ls  and Walker (1936-7) and Landis, Elsom, B ott and S h ie ls  
(1936 ) who rep o rted  th a t  th e  d io d ra s t  r a t io s  in  th e se  s p e c ie s /
sp ec ies  a re  co n sid erab ly  in  excess of 1 .0  and th a t  th e  
c lea ran ce  r a t io s  a re  depressed  as th e  pasma co n cen tra tio n  
of th e  so lu te  i s  in c reased . Homer Smith and h is  co-workers 
re-exam ined th i s  goup o f compounds and developed a d io d ra s t  
c lea ran ce  a t  low plasma le v e ls  as a means of measuring 
re n a l blood flow  w hile  a  h igh  plasma le v e l  was employed 
to  determ ine th e  q u a n tity  of fu n c tio n a l tu b u la r  ex cre to ry  
t i s s u e  in  th e  k idneys.
P-am inohippurate (PAH) has a c lea ran ce  id e n t ic a l  to  th a t  
o f d io d ra s t  a t  low plasma le v e ls  and i s  used to  estim ate  the  
re n a l plasm a flow . I t s  chem ical ev a lu a tio n  i s  s tra ig h tfo rw a rd ; 
i t  i s  non to x ic  and can be used to  a sse ss  th e  to ta l tu b u la r  
ex c re to ry  t i s s u e .  I t  i s  le s s  e x ten s iv e ly  bound by the  
plasm a p ro te in s  th an  i s  d io d ra s t ,  and so e r ro rs  involved in  
th e  e s tim a tio n  of th e  f i l t r a b l e  f r a c t io n  of th e  plasma a re  
l e s s  im p o rtan t.
In  d e te rm in a tio n  of each of th ese  f a c to r s ,  v i z . ,  
g lom erular f i l t r a t i o n  r a te ,  re n a l plasma flow  and maximal 
tu b u la r  e x c re to ry  cap ac ity , a combined s in g le  in fu s io n  
method has been devised  and w il l  be desc rib ed  in  ch ap te r I I I .
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CHAPTER I I
THE KIDNEY FUNCTION TEST
On th e  day p r io r  to  th e  t e s t  th e  p a t ie n t  i s  informed 
b r i e f ly  o f i t s  c h a ra c te r  in  o rder to  a l la y  apprehension 
and o b ta in  h is  or h e r  co -o p e ra tio n . No sp e c ia l r e s t r i c t i o n  
of f lu id s  o r d i e t  i s  necessa ry . An e a r ly  l i g h t  b re a k fa s t 
w ith  t e a  o r co ffee  i s  provided before  th e  procedure i s  
commenced. No smoking i s  allowed a f t e r  C.00 a.m.
Procedure a t  th e  bedside .
The equipment ( f ig .  7 ) , having been p rev io u s ly  p repared , 
i s  brought to  th e  bedside , to g e th e r  w ith  th e  so lu tio n s  of 
In u lin  and p-am inohippurate. ¥ i th in  th e  package th e re  i s  a 
s p e c ia l ly  p repared  rubber c a th e te r  in  th a t  th e re  a re  e x tra  
h o le s  in  i t  to  ensure s a t i s f a c to r y  and complete d ra inage  of 
u r in e  from th e  b lad d er. The p a t ie n t  i s  c a th e te r is e d  w ith  i t  
a t  9 .0 0  a.m. and a specimen of th e  b lad d er u rin e  ob ta ined .
I t  i s  rece iv ed  in to  a  u rin e  c o n ta in e r la b e l le d  fu r in e  b lank . 1 
Between 9«15 a.m. and 9*30 a.m. ven ipuncture  i s  perform ed;
20 ml. of blood i s  taken  by sy ringe  and pu t in to  a h ep arin ised  
u n iv e rs a l c o n ta in e r -  t h i s  specimen being la b e l le d  1blood blank.
The need le  i s  then  a ttach ed  to  th e  sp e c ia l in travenous 
in fu s io n  s e t  ( f i g .  6 ) th e  f i l t r a t i o n  fu nnel o f which has 
been f i l l e d  w ith  in travenous normal s a l in e .  A slow d r ip  
in fu s io n  of th e  s a lin e  i s  then  in s t i tu te d  and allowed to  
run slow ly to  perm it the  p a t ie n t  to  become ad ju sted  to  
th e  new co n d itio n  of in travenous in fu s io n  and b ladder 
c a th e te r is a t io n .  I t  i s  customary to  ob ta in  th e  p a t i e n t fs 
s y s to l ic  and d ia s to l ic  blood p re ssu re  read in g s.
Once th e  p a t ie n t  has become accustomed to  th e  presence 
of th e  d r ip  and c a th e te r , th e  t e s t  p roper i s  commenced. I t  
i s  d iv id ed  in to  two perio d s  of tim e. In  th e  f i r s t  period  
a measurement of re n a l plasma flow  (RPF) and glom erular 
f i l t r a t i o n  r a te  (GFR) i s  ob tained , and from th e se  f ig u re s  
th e  f i l t r a t i o n  f r a c t io n  (FF) HPF/GFR may be c a lc u la te d .
In  th e  second perio d  a measurement of th e  maximal tu b u la r  
e x c re to ry  c ap a c ity  fo r  p-am inohippurate (Tirip^) i s  ob ta ined .
In  o rd e r th a t  th e  co n cen tra tio n  of th e  p e rfu s in g  chemical 
in  th e  t o t a l  body w ater may be ra p id ly  ra is e d  to  e f fe c t iv e  
le v e ls  a prim ing so lu tio n  of p-ajninohippurate and in u l in  i s  
p rep ared . In  o rd er th a t  th e  co n cen tra tio n  of th e  p e rfu s in g  
chem ical in  th e  t o t a l  body w ater may be c o n s is te n tly  m aintained 
a t  an e f fe c t iv e  le v e l  a su s ta in in g  so lu tio n  i s  a lso  p repared .
The so lu tio n s  a re  made up as fo llo w s : -
Prim ing s o lu t io n .
(a) 2 ml. o f 20% p-am inohippurate
(b) 20 ml. of 20% in u l in
S u sta in in g  so lu tio n .
(a) 8 ml. of 20% p-am inohippurate
(b) 55 ml, of 10% in u l in
(c) 150 ml. of s t e r i l e  normal s a lin e
The prim ing so lu tio n  i s  given ra p id ly  in  l e s s  than  two 
m inutes, whereas th e  su s ta in in g  s iu t io n  i s  given by slow 
d r ip , th e  r a te  vary ing  w ith  th e  s e v e r ity  of re n a l damage.
With a  normal k idney  fu n c tio n  th e  r a te  f o r  th e  su s ta in in g  
so lu tio n  i s  9& drops p e r m inute. With in c re a s in g  re n a l 
danage th e  r a te  i s  decreased  to  about 60 drops p e r m inute.
Having obtained  the  specimen of blank u r in e  and of blank 
blood and p repared  th e  prim ing and su s ta in in g  so lu tio n s  of 
th e  f i r s t  p e rio d , th e  t e s t  I s  proceeded w ith  as fo llow s
The in fu s io n  of normal s a lin e  i s  stopped a t  th e  needle 
( f ig .  9 ) . The branch  of th e  !T* tube in  th e  in fu s io n  s e t  i s  
opened and th e  s a l in e  rem aining in  th e  f i l t r a t i o n  f la s k  i s  
run o ff  u n t i l  th e  neck o f th e  funnel i s  reached. The branch 
o f th e  fT,; tube i s  now closed  and th e  in fu s io n  recommenced by 
opening th e  c l ip  a t  the  n eed le . The prim ing so lu tio n  i s  now/
now p u t in to  th e  funnel and allowed to  run as q u ick ly  as 
p o s s ib le . The su s ta in in g  f lu id  i s  then  added to  th e  
re s e rv o ir  and th e  d r ip  in fu s io n  slowed to  th e  optimum 
r a te .  In  o rd e r th a t  complete s t a b i l i s a t io n  of th e  in u l in  
and PAH should occur, th e  in fu s io n  i s  allowed to  run fo r  
more than  tw enty m inutes. At th e  end of t h i s  tim e th e  
b lad d er i s  com pletely em ptied. This i s  achieved in  th e  
same way throughout a l l  th e  t e s t s .  15 m l., which need 
no t be a c c u ra te ly  measured, o f s t e r i l e  in travenous normal 
s a l in e  a re  in je c te d  in to  th e  b ladder along th e  c a th e te r  by a 
s t e r i l e  20 ml. sy ringe  supp lied  in  th e  s p e c ia l ly  prepared  
package. Following th i s  in je c t io n  15 ml. of a i r  a re  
in troduced  along th e  c a th e te r  which had been nipped to  
p reven t any lo s s  of f lu id .
The tim e noted as th e  commencement of th e  p e rio d  i s  
taken  when th e  l a s t  drop of f lu id  and th e  l a s t  gu rg le  of a i r  
has l e f t  th e  c a th e te r  w ith  suprapubic p re ssu re  on th e  b lad d er. 
A stop-w atch , which i s  used as a  means of tim e-keeping , i s  
s ta r te d  a t  th i s  ju n c tu re . The u rin e  obtained up to  th i s  
p o in t , in c lu d in g  th a t  which i s  removed a t  the  end of th e  
prim ing p e rio d , i s  d iscarded  and a c o lle c t io n  now made o f /
of a l l  th e  u r in e  sec re te d  in  a  sp e c ia l co n ta in e r. This 
tim e i s  recorded as tim e zero . A fte r te n  to  tw enty m inutes 
20 ml. o f blood a re  taken from a v e in  in  th e  opposite  arm 
to  th a t  in  which th e  in fu s io n  i s  being given. This specimen 
i s  p laced  in  a h ep arin ised  c o n ta in e r and la b e l le d  *blood 1 . 1 
The tim e a t  th e  10 ml. mark i s  noted on th e  stop-w atch and 
recorded . The in fu s io n  i s  allowed to  continue f o r  as long  
again . The complete specimen of u r in e , in c lu d in g  th e  
b lad d er washings, i s  obtained and la b e l le d  as 1u rin e  1 . f 
The tim e a t  which th i s  occurs i s  no ted . At th e  end o f th i s  
p e rio d  th e  u r in e  i s  then  allowed to  d ra in  in to  a re c e p ta c le  
p r io r  to  th e  commencement of p e riod  two. The amount o f 
f lu id  rem aining in  th e  r e s e rv o ir  i s  no ted .
For th e  prim ing so lu tio n  in  period  two, 20 ml. of 20% PAH 
s o lu tio n  i s  taken  in to  a sy ringe  from th e  100 ml. b o t t le  of 
20% PAH. The c l ip  above th e  fTf p iece  i s  app lied  to  stop  
th e  in fu s io n . The 20 ml. o f 20% PAH i s  then  slow ly in je c te d  
along th e  fT* p iece  in to  th e  p a t ie n t  ( f i g .  9)* As th i s  
in je c t io n  i s  given th e  p a t ie n t  may f e e l  somewhat warm and 
f lu s h  in  th e  face  and neck. He may a lso  f e e l  a  sen sa tio n  
of h ea t in  th e  b lad d er. One o r two of th e  p a t ie n ts  du ring  
th e  course o f t h i s  in v e s t ig a t io n  had a lso  abdominal 
d iscom fort.
Once th e  prim ing s o lu tio n  o f 20 ml. of 20% PAH has 
been g iven , th e  rem aining 80 m l. i s  added to  th e  r e s e rv o ir  
which co n ta in s  th e  re s id u e  of th e  su s ta in in g  so lu tio n  of th e  
f i r s t  p e rio d  ( f i g .  1 0 ). The in fu s io n  r a te  i s  recommenced 
and a d ju s ted  to  96 drops p e r m inute. The s t a b i l i s in g  perio d  i s  
about tw enty m inutes. The b lad d er i s  d ra in ed  a t  th e  end of 
th i s  tim e in  the  manner a lread y  d esc rib ed , th e  u r in e  and 
washings obtained, being d isca rd ed . The stop-w atch i s  s ta r te d  
and tim e zero  fo r  period  two e s ta b lish e d  xkLth th e  c o lle c t io n  
of u r in e  again  being under way. The second blood specimen, 
la b e l le d  ’blood 2 *, i s  taken  about f i f t e e n  m inutes a f t e r  th e  
commencement of th e  p e riod  and th e  second u rin e  specimen, 
la b e l le d  ’u r in e  2 ’ , c o lle c te d  a f t e r  t h i r t y  m inutes in  a s im ila r  
manner to  th a t  d escribed  f o r  th e  f i r s t  p e rio d . With the  com pletion 
o f th e  second u rin e  specimen th e  t e s t  i s  then  concluded.
There a re  now th re e  u rin e  specimens and th re e  blood specimens 
to g e th e r  w ith  completed c h a r t ( f ig s .  11 and 1 2 ) .
During th e  course of th i s  procedure th e  p a t ie n t  i s  allowed 
to  d rin k  f lu id s  in  m oderation and encouraged to  spend th e  tim e 
q u ie tly , smoking being fo rb idden  throughout. When th e  t e s t  i s  
completed th e  c a th e te r  i s  removed from th e  b lad d er and th e  
in travenous in fu s io n  d isco n tin u ed . T h e re a fte r  he may r i s e ,  i f /
i f  p e rm itted , and, as has been done in  th e  course of th i s  
s e r ie s ,  i f  th e  t e s t  has been c a r r ie d  out on an o u t-p a tie n t ,  
he or she i s  allow ed home w ithout any i l l  e f f e c ts  w hatsoever. 
A l i s t  of th e  apparatus req u ired  i s  appended.
1 . S p ec ia l in fu s io n  s e t  w ith  graduated re s e rv o ir ,  
d r ip  coun ter and ,T t tu b e .
2 . Speci-al c a th e te r  w ith  e x tra  h o le s .
3 . 20 ml. sy rin g e  f o r  washing out b lad d er.
These a re  a l l  supp lied  d ry  and s t e r i l e  in  a 
s in g le  paper wrapped package.
4 * 3 -  20 ml. sy rin g es, e c c e n tr ic  nozzle , to
c o l le c t  blood specimens 1blank* *1 * and *2 *.
5* 1 - 2 0  m l. sy rin g e , c e n tr a l  n ozzle , f o r  g iv ing
prim ing so lu tio n  of PAH in  p e riod  two.
6 . S top-w atch.
7 . Three u n iv e rs a l co n ta in e rs  w ith  h ep arin  fo r  
blood specimens.
S. Three u r in e  b o t t le s  fo r  specimens.
9 * 1 - 2 5  ml. and 1 - 5 0  ml. ampoule 10$ in u l in
10. 1 -  10 ml. and 1 -  100 ml. b o t t le s  20$ PAH
11. Two b o t t le s  of in travenous s a l in e .
12. S pec ial sh ee t fo r  e n te r in g  tim es and r e s u l t s .
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Biochemical methods.
D eterm ination of PAH. In  o rd er to  estim ate  th e  re n a l 
plasma flow  (EPF) i . e .  by a low PAH co n cen tra tio n , i t  i s  
n ecessa iy  th a t  th e  serum le v e l  should be about 1 - 5  mgms. 
p e r  100 ml. For th e  es tim atio n  of th e  maximal tu b u la r  
e x cre to ry  cap a c ity  f o r  p-am inohippurate "the arum
le v e l  of PAH should be g re a te r  than  60 mgms. p e r  100 ml*
The reag en ts  req u ired  a r e : -
1 . A s p e c ia l ly  prepared  cadmium su lp h a te  so lu tio n .
2. 1 .1  N-sodium hydroxide.
3 . 1 . 2  N -hydrochloride a c id .
U» 0 .1 $ sodium n i t r i t e  ( f r e s h ly  p rep a red ).
5* 0 . 5$ ammonium sulpham ate.
6 . 0 .1 $ (l-n ap h th y l)  ethylenediam ine d ih y d ro ch lo rid e .
The u r in e  specimens a re  d i lu te d  so th a t  th e  
co n cen tra tio n  of PAH in  them i s  approxim ately equal to  th e  
co n cen tra tio n  of PAH in  th e  plasm a. Under such an id e a l  
arrangem ent th e  c lea ran ce  in  m l/m inute would become x  \ o l / i r p n
F ith  a p rev ious knowledge o r e stim ate  of u rea  c lea ran ce  as a 
percen tage  of average normal fu n c tio n , th e  fo llow ing  d i l u t i o n s /
d ilu t io n s  of u rin e  and plasm a a re  p repared .
In  th e  case o f th e  plasm a blank (P0) and f i r s t  
p e rio d  plasma (P^) no d i lu t io n  i s  re q u ire d . For th e  
second p e rio d  plasma (P2 ) a  1:21  d i lu t io n  i s  made.
The u r in e  blank (UQ) should be d ilu te d  w ith  d i s t i l l e d  
w ater so th a t  i t  g ives th e  same approximate co n cen tra tio n  
as th e  f i r s t  pe rio d  specimen of u rin e  (U-/j when he ld  up to  
th e  l i g h t  and examined v is u a l ly .  I f  th e  u rea  c learance  
o r blood u re a  value  i s  no t a v a ila b le  to  g ive an in d ic a tio n  
of th e  p a tie n t* s  re n a l fu n c tio n , i t  i s  u sual to  assume a.
60$ re n a l fu n c tio n  value and make d i lu t io n s  acco rd ing ly .
I f  t h i s  e s tim a tio n  i s  found to  be f a r  ou t, tw ofold o r g re a te r , 
th e  u r in a n a ly s is  i s  repeated  a t  more s u ita b le  d i lu t io n s .
The d i lu t io n s  thus made a re  obtained by re fe ren ce  to  
th e  s p e c ia l ly  prepared  nomogram ( f ig .  13) th e  d i lu t io n s  
being  c a lc u la te d  from th e  minute volumes of u rin e  o f each 
p e rio d . The d i lu t io n s  of U0 and U]_ a re  same.
Once a l l  th e  d i lu t io n s  have been p repared  and thoroughly  
mixed, s ix  50 ml. Erlenmeyer f la s k s  la b e l le d  PQ P^ Pp ^o 
and Ug have th e  fo llow ing  added to  them :-
1 . D is t i l le d  w ater 20 ml
2. Heparinised. plasm a, plasma 
d i lu t io n  o r u r in e  d i lu t io n
as p re v io u s ly  in d ic a te d . 2 ml,
3. cadmium su lp h ate  reagen t 6 ml,
4. sodium hydroxide reag en t 2 ml,
The f la s k s  a re  shaken a f t e r  each ad d itio n  and allowed 
to  stand  fo r  f iv e  minutes p r io r  to  f i l t r a t i o n  through No.41 
9 cm. Whatman f i l t e r  papers in to  c lean  6 ” x  Jrn t e s t  tu b es . 
These c lean  t e s t  tubes a re  la b e l le d  P0 Pj_ Y' 2  U0 U]_ U2 
and th e  a p p ro p ria te  f i l t r a t e  and reagen ts  a re  added as 
fo llow s
1 . f i l t r a t e  10  ml.
2. 1 .2  N -hydrochloric ac id  2 ml.
3 . sodium n i td te  reag en t 1 ml..
A fte r  the  ad d itio n  o f th e  sodium n i t r i t e  reagen t 
th e  so lu tio n  i s  thoroughly  mixed and allowed 
to  stand  fo r  fo u r m inutes.
4 . ammonium sulphamate reagen t 1 ml.
Thorough mixing by in v e rs io n  of th e  tube on sev e ra l 
occasions in  o rder to  decompose th e  excess n i tro u s  
acid  i s  req u ired  a f t e r  th e  ad d itio n  of th i s  reag en t.
5. N .(l-n ap h th y l) ethylenediam ine
d ih yd roch lo ride  1 ml.
A fte r th e  a d d itio n  of th e  ethylenediam ine thorough 
mixing is  carried  out and th e  so lu tio n  i s  allowed to  
stand  fo r  f i f t e e n  m inutes to  allow  complete co lour 
developm ents.
The so lu tio n s  a re  then  read  on a Spekker 
ab so rp tiom eter u s in g  th e  green I l f o rd  f i l t e r  605. The 
f ig u re s  ob tained  a re  l a t e r  in te rp re te d  f o r  ab so lu te  va lues 
from a c a l ib r a t io n  curve p re v io u s ly  p repared .
D eterm ination  of In u l in . To estim ate  th e  in u l in  
c o n cen tra tio n  and thereby  o b ta in  a measurement o f GFR 
i t  i s  ad v isab le  to  have a serum le v e l  between 18 and 25 mgms. 
p e r  100 ml. The reag en ts  req u ired  a re s -
1 . Washed y e a s t .  B akers1 y e as t i s  washed w ith  
s a l in e  and cen trifu g ed  s ix  tim es in  o rder 
to  remove any so lu b le  carbohydrate. A 1 :5  
suspension of th e  packed y e a s t c e l l s  i s  made 
in  d i s t i l l e d  w ater.
2 . cadmium su lp h ate  reagen t
3. l.IN -sodium  hydroxide
4 * diphenylam ine reag en t
No d i lu t io n  of PQ Pj_ P2 i s  re q u ire d . The d i lu t io n  
which brought U0 to  approxim ately th e  same co n cen tra tio n  
as i s  used f o r  U0. The same d i lu t io n s  a re  prepared  fo r  
U0 and U^. The d i lu t io n  req u ired  f o r  U2 i s  obtained from 
th e  nomogram ( f ig .  13)* To seven 12 ml. c e n tr ifu g e  tu b es , 
la b e l le d  PQ P^ P2 U0 U^  U2 and I .B . (y e a s t suspension 
blank) a re  added th e  fo llo w in g :-
1. Distilled water 2 ml
2. h ep a rin ised  plasm a, or u r in e  
d i lu t io n  as p rev io u s ly  
in d ic a te d 2 ml*
3 - 20$ y e a s t suspension 4  ml*
2 ml. of d i s t i l l e d  w ater i s  added to  th e  tube I .B . to  make 
i t s  t o t a l  volume 8 ml.
The co n ten ts  of the tubes a re  thoroughly  mixed by 
in v e rs io n  and allowed to  stand  a t  room tem perature fo r  
f i f t e e n  m inutes. The tubes a re  shaken a t  in te rv a ls  during  
th i s  p e rio d . A ll th e  specimens a re  then  cen tr ifu g e d .
4 ml. of th e  su p ern a tan t f lu id  i s  taken  from the  
cen tr ifu g ed  specimens in to  6 " x t e s t  tu b es, and 6 ml. 
of th e  cadmium su lphate  reagen t i s  added to  each tu b e .
A fte r mixing, 2 ml. of 1 .1  N-sodium hydroxide i s  added, 
and again th e  m ixture i s  thoroughly  shaken by in v e rs io n .
The samples a re  f i l t e r e d  through No.41 9 cm. Whatman f i l t e r  
papers in to  clean, t e s t  tu b e s .
3 ml. of th e  f i l t r a t e  a re  then  taken and added to  
wide bore b o il in g  tubes ( -g-'O to  which a re  then  added 10 ml. 
of th e  diphenylam ine so lu tio n . A fte r th e  con ten ts  of the  
tubes have been thoroughly  mixed, g la ss  t e a t s  a re  in s e r te d . 
The tubes a re  then  p laced  in  a b o ilin g  w ater ba th  fo r  t h i r t y /
t h i r t y  m inutes, th roughout which tim e th e y  a re  a g ita te d  
f re q u e n tly  to  ensure complete mixing of th e  specim ens. 
A fte r  co o ling , th e  so lu tio n s  a re  read on th e  Spekker 
abso rp tio m eter u sing  th e  red I l f o r d  f i l t e r  609. The 
f ig u re s  obtained  are  then  in te rp re te d  on a p rev io u s ly  
p repared  in u l in  c a l ib ra t io n  curve.
The HPF, GFR and Tmp^ r e s u l t s  a re  c a lc u la te d  and 
from them are  derived  th e  f r a c t io n s  F i l t r a t i o n  F rac tio n  
(FF) HPF/Cmpjjjj and GFR/Tmp^jj. REF i s  obtained  from HPF 
and PCV (packed c e l l  volume) which has been obtained  from 
a haem ato crit read ing  of P •
A ll th e  r e s u l t s  are  then  converted in to  percen tage  
of average normal fo r  convenience of c l in ic a l  i n t e r p r e t a t i  
A completed in fo rm ation  sh ee t i s  seen in  f i g .  12.
The p r in c ip a ls  underly ing  th e  method of c a lc u la tio n s  
a ie  desc rib ed  by B e ll, Davidson and Scarborough (1957)•
CHAPTER III
MATERIAL
The p a t ie n ts  who have been in v e s tig a te d  because of 
symptoms and signs in d ic a tin g  th e  presence of re n a l 
tu b e rc u lo s is  were re fe rre d  to  Storehouse h o s p ita l  from a 
number of o u t-p a tie n t  c l in ic s  and o th e r h o s p ita ls  in  
L an a rk sh ire . At S torehouse h o sp ita l Mr. W.S. Mack, who 
i s  c o n su lta n t u ro lo g is t ,  in  a sso c ia tio n  w ith  Dr. Alexander 
Smith, c a r r ie d  out fu r th e r  in v e s t ig a t io n  to  confirm  the  
d iag n o sis  and p re sc r ib e  the  n ecessary  trea tm en t. Only 
fo u r p a t ie n ts  in  th e  f i n a l  group of tw enty two p resen ted  in  
th i s  th e s i s  were no t a t  Stonehouse h o s p ita l  bu t were seen 
and in v e s t ig a te d  elsew here by k ind  arrangem ent w ith  Mir. T.L. 
Chapman, co n su ltan t u ro lo g is t  a t  th e  V ic to r ia  In firm ary  and 
Hairmyres H o sp ita l.
During th e  p e rio d  A p ril 1953 to  October 1956 t h i r t y  two 
p a t ie n ts  underwent nephrectomy a t  Stonehouse h o s p i ta l .  Of 
th e se , tw enty s ix  had c l in i c a l l y  diagnosed re n a l tu b e rc u lo s is  
of the  rem aining s ix , one had u n i la te r a l  p o ly c y s tic  k idney 
d ise a se , ano ther s taghom  ca lcu lu s  w h ils t  in  th e  rem aining 
fo u r th e  o p era tio n  was c a r r ie d  out fo r  o th e r s u rg ic a l reasons 
v iz .  ( l )  chronic in fe c tiv e  hydronephrosis, (2) ru p tu re  of
of th e  k idney (3) hypernephroma and (4-) non-tubercu lous 
re n a l abscess*
T h ir ty  p a t ie n ts  had th e  biochem ical procedure 
c a r r ie d  out p re -o p e ra tiv e ly . The c lea ran ce  t e s t s  were 
c a r r ie d  out as th e  d e c is io n  f o r  nephrectomy was made. The 
p a t ie n ts  were u n se lec ted . No s p e c if ic  c l in ic a l - f e a tu r e  
o r o th e r determ ining  fe a tu re  obtained from th e  ad ju n cts  
of in v e s t ig a t io n  p o te n tia te d  t h e i r  in c lu s io n  in  th i s  
s e r ie s .  A ll th e  p a t ie n ts  underwent nephrectomy and,one 
week and s ix  months l a t e r ,  w ith  th e  excep tion  of th re e  
p a t ie n ts  th e  t e s t  was rep ea ted . In  th e se  in s ta n ce s  J.A . 
re fu sed  on p e rso n al grounds, th e  second M.McI. succumbed to  
an acu te  coronary a r te ry  throm bosis w h ils t  th e  th i r d ,  F .L . 
had d ischarged  h im se lf i r r e g u la r ly  from h o s p ita l  and could 
no t be tra c e d , d e sp ite  every a ttem pt. In  f iv e  p a tie n ts  
h is to lo g ic a l  exam ination of th e  kidney d id  n o t confirm  th e  
d iag n o sis  of re n a l tu b e rcu lo sis*
Thus th e  f in a l  com pletely in v e s tig a te d  s e r ie s  
com prises tw enty two cases of h is to lo g ic a l ly  proved ren a l 
tu b e rc u lo s is .
A b r ie f  diagrammatic ex p lan a tio n  of th e  th eo ry  
involved in  e s tim atin g  th e se  fa c to rs  i s  given as F ig s . 1 - 4 *  
in  Volume I I .
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The i n i t i a l  h is to ry  in  each case was obtained  in  
d e t a i l  w ith  s p e c ia l  re fe re n ce  to  th e  d u ra tio n  o f th e  
p re se n tin g  symptom or symptoms; p rev ious o r p re se n t 
in fe c t io n  w ith  tu b e rc u lo s is  and any fam ily  h is to ry  o f 
tu b e rc u lo s is ;  home co n d itio n , n a tu re  of employment and 
any o th e r d e ta i l s  a p p lic ab le  to  th e  s o c ia l  background 
were a lso  ob ta ined . As a few p a t ie n ts  were found to  have 
an e lev a ted  blood p re ssu re  which d id  n o t s e t t l e  w ith  bed 
r e s t ,  a c lo s e r  enqu iry  was made in to  t h e i r  fam ily  h is to ry  
in  o rd er to  a s c e r ta in  w hether t h e i r  p a ren ts  had su ffe red  
from hy p erten sio n  or had succumbed to  a  d isea se  process 
which could have had as i t s  o r ig in  in c reased  blood 
p re s su re . Complete blood counts were c a r r ie d  ou t, 
to g e th e r  w ith  blood grouping.
A fte r  th e  c l in ic a l  exam ination was completed, p h y s ica l, 
chem ical and b a c te r io lo g ic a l exam ination of th e  u rin e  was 
c a r r ie d  o u t. C u ltu res  of 24 hour u r in e  c o lle c tio n s  were 
made, and l a t e r ,  animal in o c u la tio n s  were a lso  arranged .
In travenous pyelography, although in  many p a t ie n ts  
c a r r ie d  out p r io r  to  adm ission to  h o s p ita l ,  was repeated  
and follow ed by cystoscop ic  exam ination, when an a ttem pt 
was made to  pass a u r e te r ic  c a th e te r  in to  th e  !good! k id n e y /
kidney f i r s t  o f a ll  to  ob ta in  some in d ic a tio n  o f i t s  
s t a t e .  The d iseased  u re te r ic  o r i f ic e  was then  
c a th e te r is e d  i f  p o ss ib le , bu t th i s  procedure f a i l e d  in  
many in s ta n ce s  because inflam m ation a t  th e  low er end of th e  
u r e te r  and in  th e  b ladder mucosa surrounding th e  u r e te r ic  
o r i f ic e  made i t  im possib le. Specimens of u rin e  were 
obtained  i f  p ra c tic a b le  from each kidney and examined 
chem ically  and b a c te r io lo g ic a lly . In  p a t ie n ts  where 
u r e te r ic  c a th e te r is a t io n  had been su ccessfu l re tro g rad e  
pyelography was c a rr ie d  ou t.
P r io r  to  th e  i n i t i a l  Inulin/PAH e x c re tio n  t e s t ,  
in  some p a tie n ts  a u rea  c learance  t e s t  had been c a r r ie d  
ou t. From i t  an estim ate  of th e  optimum r a te  of in fu s io n  
could be ob ta ined . In  a l l  th e  t e s t s  a  p a r a l le l  u re a  
c lea ran ce  was c a lc u la te d  from th e  specimens.
Once th e  d iagnosis  was confirmed, chemotherapy 
commenced. When th e  d ec is io n  to  remove th e  d iseased  
organ was made th e  Inulin/PAR e x c re tio n  t e s t  was c a r r ie d  
ou t. I t  was repeated  one week a f t e r  o p era tio n  and again  
s ix  months a f t e r  op era tio n .
I t  i s  known th a t  hypertrophy of th e  rem aining kidney 
commenced s h o r tly  a f t e r  nephrectomy and i s  s ig n if ic a n t  w ith in /
w ith in  a week (see  chap ters  V II and V III) bu t as th e  
p a t ie n ts  had some re a c tio n  fo llow ing  nephrectomy, i t  was 
no t considered  j u s t i f i a b l e  to  c a r iy  out th ese  somewhat 
try in g  in v e s t ig a tio n s  in  le s s  than  one week a f t e r  o p e ra tio n .
In  s ix  months i t  was b e lieved  th a t  complete compensatory 
hypertrophy  and estab lishm ent of th e  a l te re d  re n a l 
c i r c u la t io n  had taken  p lace  and so th e  t e s t  was rep ea ted .
CHAPTER 17
sm m i of results
A b r ie f  an n o ta tion  i s  given in  t h i s  ch ap te r of th e  
l in e s  on which th e  twenty two p a t ie n ts ,  who comprise 
th i s  s e r ie s ,  have been in v e s tig a te d . There fo llow s 
a d e ta i le d  assessm ent of th e  r e s u l ts  under th re e  main 
headings
(1) C lin ic a l
(2) Biochemical
(3) P a th o lo g ica l
The s e v e r i ty  o f the  d isea se  a f fe c t in g  each p a t ie n t  
has been estim ated  by each of th e se  methods and th e  r e s u l ts  
of trea tm en t d iv ided  in to  th re e  ca teg o rie s
(a) s u rg ic a l,
(b) m edical and
(c) m edical and s u rg ic a l.
In  regard  to  th e  c l in i c a l  fin d in g s  a resume i s  given 
of th e  main c l in i c a l  symptoms and signs found, w ith  an opinion 
in  ch ap te r X of t h e i r  value in  th e  in v e s t ig a t io n  of tu b e r c u lo s i s /
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tu b e rc u lo s is  of th e  kidney.
In travenous pyelography, cystoscopy and re tro g rad e  
pyelography which were employed as su rg ic a l  ad ju n c ts  have 
provided u se fu l in form ation  which has been included in  
ch ap te r 7 -  c l in ic a l  f in d in g s .
The Inulin/PAH ex cre tio n  t e s t  provided a v a s t 
amount o f u se fu l d a ta  which i s  p resen ted  in  a concise  manner 
in  ch ap te r 711 -  biochem ical f in d in g s  -  to g e th e r w ith  
f ig s  4-7 -  59 in  volume I I .
In  ch ap te r 7 I I I  an account i s  given o f th e  in te r p r e ta t io n  
of th ese  r e s u l t s .  In  a d d itio n  to  th e  t e s t  which i s  
mentioned, a p a r a l le l  urea c learance  t e s t  was c a r r ie d  out 
s im ultaneously  on th e  specimens obtained f o r  th e  Inulin/j?AH 
e x c re tio n  and c learance  procedure and comment i s  made on 
th e  c o r re la t io n  between th e se  two types of re n a l fu n c tio n  
t e s t .
B a c te r io lo g ic a l exam ination of th e  u rin e  which i s  an 
e s s e n t ia l  fe a tu re  of th e  ev a lu a tio n  of re n a l tu b e rc u lo s is  
p rov ides th e  f in d in g s  which a re  d e ta i le d  in  ch ap te r IX.
The o p p ortun ity  of fu r th e r  id e n t i f ic a t io n  of the  cau sa tiv e  
organism from th e  specimen of kidney obtained a t  o p e ra tio n  
added to  th e  inform ation  a lread y  a v a ila b le .
H is to lo g ic a l confirm ation  of th e  d iag n o sis  revealed  
n o t only th e  p a t te rn  of th e  d isea se  p rocess p re se n t in  th e  
k idney bu t a lso  re f le c te d  th e  e ffe c tiv e n e ss  of th e  a n t i -  
tubercu lous chemotherapy which had been given p r io r  to  
e x tirp a t io n  of th e  a ffe c ted  kidney. A la rg e  number of 
photographs, su rface  contour and cut su rface  a re  p resen ted  
as f ig s .  60 -  86 in  volume I I  and in  ad d itio n , f i g s .  87 -  99 
re p re se n t a. c ross  sec tio n  of th e  v a r ia b le  photom icrographs 
of th ese  k idneys. F ig s. 102 -  106 are  th e  autopsy m a te ria l 
from M.k. who succumbed fo u r years a f t e r  nephrectomy to  
c e re b ra l haemorrhage. This f e a t  i re , which i s  d escribed  
more f u l l y  in  ch ap te r XIunder th e  heading 1 U n ila te ra l  Renal 
T ubercu losis  w ith  Hypertension* was an in te re s t in g  c o ro lla ry  
d iscovered  p a r i  passu during th e  main in v e s t ig a t io n .
Specimens of sp e c ia lly  prepared la rg e  kidney 
tra n sp a ren c ie s  a re  included in  volume I I  as a  new method 
of i l l u s t r a t i n g  th e  types of tu b e rc u lo s is  of th e  k idney 
which occur. In  chap ter XII th e re  i s  a d iscu ss io n  of th e  
modern methods of an ti- tu b e rc u lo u s  chemotherapy and t h e i r  
p lace  in  tu b e rc u lo s is  of the  kidney.
Some comparison i s  made w ith  the  prognosis which is  
p o ss ib le  w ith  th ese  methods and th e  u sefu ln ess  of t h e /
th e  biochem ical and o th er f in d in g s  as an apparent index 
of p rognosis .
F in a lly  an a p p ra isa l i s  given of th e  s e v e r i ty  
of th e  d isea se  by th e  various types of procedure 
which have been.employed and th e i r  s ig n if ic a n c e  in  
e stim atin g  th e  b e s t therapy  to  be app lied  in  each 




Throughout th e  c l in ic a l  asp ec t of th e  in v e s t ig a tio n  
of ren a l tu b e rc u lo s is  the  p a t te rn  of syirptomatol ogy was 
co n stan t. In  ch ap te r VI a b r ie f  account i s  given of the  
prodromal le s io n s  ev ident p r io r  to  th e  onset o f re n a l 
tu b e rc u lo s is . A ll th e  p a t ie n ts  examined had a good 
g en era l appearance: in  p a r t ic u la r  th e i r  f a c ia l  appearance
and bo d ily  n u tr i t io n  did n o t suggest th e  presence of 
tu b e rc u lo s is . Only two p a t ie n ts ,  R.S and D.OfR. looked i l l  
when adm itted to  the  u ro lo g ic a l u n it  and both had a c tiv e  
e x tra - re n a l tu b e rc u lo s is .
Increased  frequency of m ic tu r it io n  which was found 
in  e igh teen  p a t ie n ts  (82per cen t) was th e  most common symptom. 
I t  was d iv id ed  in to  two d i s t i n c t  c a te g o rie s , v iz . d iu rn a l 
and n o c tu rn a l. The d iu rn a l frequency was measured as the  
average tim e between successive  m ic tu r it io n s  and v a rie d  from 
tw enty minutes to  s ix ty  to  n in e ty  m inutes. The n o c tu rn a l 
frequency was denoted by th e  number of tim es th e  p a t ie n t  had
th e  most p e r s i s te n t  symptom was two to  th re e  ounces.
Three p a t ie n ts ,  V .B., M.B., and A.T had in  ad d itio n , 
extreme urgency. In  ad d itio n  to  frequency of m ic tu r it io n  
tw elve p a t ie n ts  (54-5 per cent) had p a in  on p assing  u r in e .
The degree of d iscom fort v a ried  from a burning sen sa tio n  
during  th e  p assing  of u rin e  to  severe p a in  a t  th e  beginning 
or on com pletion of th e  a c t .  Some re la tio n s h ip  between th i s  
symptom and th e  presence of c y s t i t i s  was no ticed  and i s  
commented on l a t e r .  M.i-i. who had in c reased  frequency of 
m ic tu r it io n  and some dy su ria , o r ig in a lly  v is i te d  a 
gynaeco log ist because of s t r e s s  incon tinence . No p e lv ic  
abnorm ality  was discovered  in  exp lana tion  of h e r u r in a ry  
symptoms and accordiigLy she was re fe rre d  f o r  u ro lo g ic a l 
in v e s t ig a tio n , which re su lte d  in  th e  d iscovery  of tubercu lous 
b a c i l lu r ia .
The passage of blood s ta in ed  u rin e  was complained of 
by f iv e  p a tie n ts  (22.7  per c e n t) :  th e  amount of blood s ta in in g
v a r ie d . In  one p a t ie n t ,  A .T., haem aturia had been p re se n t 
on only one occasio  and appeared to  have been a sso c ia te d  w ith 
a secondary in fe c tio n  which was u n su ccessfu lly  t r e a te d  w ith  
su lp h o th io zo le . In  th e  o th er fo u r p a t ie n ts  haem aturia was 
t r a n s ie n t  and appeared to  have been a' consequence o f a  m ore/
more acu te  bout of c y s t i t i s .
In  fo u r p a t ie n ts  (18 p e r cen t) th e re  was no h is to ry  
o f in c reased  frequency of m ic tu r it io n , d y su ria  or 
haem aturia.
A.Bk. complained of l i s t l e s s n e s s  and sw elling  of th e  
ankles which had been long a sso c ia ted  w ith  p ro te in u r ia .
A d iag n o sis  of chronic n e p h r i t is  had been suggested a t  th e  
o u ts e t of h e r i l ln e s s  and trea tm en t fo r  th i s  co n d itio n  
in s t i t u t e d .  D.O’R who had been su ffe r in g  from tubercu lous 
ep id id y m itis  and was rece iv in g  trea tm en t fo r  th i s  co n d itio n  
was found to  have a tubercu lous b a c i l lu r ia  on ro u tin e  
exam ination of h is  u rin e . There follow ed more s p e c if ic  
exam ination of h is  re n a l, t r a c t  w ith  th e  f in d in g s  which 
w il l  be mentioned l a t e r .  R.Y. had been known to  have 
n o c tu rn a l en u resis  fo r  e igh teen  months. He was re fe r re d  
to  th e  u ro lo g ic a l o u tp a t ie n ts ’ departm ent and on 
b a c te r io lo g ic a l  exam ination h is  u rin e  was found to  con ta in  
tu b e rc le  b a c i l l i .
Five p a t ie n ts  complained of backache. In  V.B’s case 
th i s  com plaint was th e  p re sen tin g  symptom. In  a d d itio n  
he gave a h is to ry  of ty p ic a l r ig h t  sided ren a l c o l ic .  There 
was nausea and a c tiv e  vom iting w ith frequency and urgency o f /
of m ic tu r it io n  during  and a f t e r  an a t ta c k . M.B. had ted 
re c u rre n t pa in  of a cramping c h a rac te r on th e  l e f t  s id e .
This had been p re sen t fo r  one year. Each a tta c k  had 
la s te d  an hour and urgency and d y su ria  in v a r ia b ly  fo llow ed. 
I n i t i a l l y  J.M. had pain  in  the  l e f t  lo in  and developed a 
sw elling  which was a sp ira te d  s ix  weeks l a t e r .  The pus 
con tained  tu b e rc le  b a c i l l i .  A sh o rt h is to iy  of r ig h t  lumbar 
p a in  occurring  sh o r tly  a f t e r  m ic tu r it io n  was mentioned as th e  
main com plaint by K.P. On cystoscopy she was found to  have
a sub-acu te  c y s t i t i s .  A fte r repeated  b a c te r io lo g ic a l
exam inations of the u rin e  acid  and a lcoho l f a s t  b a c i l l i  
were d iscovered .
Backache developed ra th e r  d i f f e r e n t ly  in  J .P ,  who had 
had p a in  in  th e  r ig h t  i l i a c  fo s sa  which had t r a v e l le d  up 
in to  th e  r ig h t  lo in  reg ion  and caused backache.. This symptom 
was mentioned in  ad d itio n  to  those  of in creased  frequency 
of m ic tu r it io n  and d y su ria . In  only one p a t ie n t  (A .T.) was 
th e re  a h is to r y  of n ig h t sw eats, which i s  a su b jec t of fu r th e r  
comment in  ch ap te r X. There i s  appended a ta b le  showing the  
inc idence  of th e  main symptoms which occurred and which 
have been d e ta i le d  above.
In c . O ther No
Freq . D ysuria . Haematuria. Symptoms. Symptoms.
No. o f p a t ie n ts  18 12 5 4. 4
P ercen tage 82$ $1$ 22% 18% 18%
As has a lread y  been s ta te d  th e  general appearance of th e
p a t ie n t  was good. Mucous membranes were w ell co loured , a
fa c to r  which was confirmed on carry ing  out exam ination of th e
haemoglobin and red c e l l  count. In  none c£ th e  p a t ie n ts
was th e re  any evidence of o th e r than a mild degree of iro n
d e fic ien c y  anaemia. Throughout, tem peratu re, p u lse  and
re s p ira to ry  ra te s  were recorded w ithout any s ig n if ic a n t
a l te r a t io n  being apparen t. O ccasionally  th e re  were sm all
bouts of py rex ia  a sso c ia ted  w ith  -cystoscopic exam ination or
concom itant mild in fe c tio n s  of th e  upper r e s p ira to ry  t r a c t .
The low est va lue  of haemoglobin was 79% ( 1 1 .7  )gms.$. The
mean f o r  a l l  p a t ie n ts  was 90$ ( 13 . 3 ) gms.$. The w hite c e l l
count was w ith in  normal l im i t s ,  although, when th e re  appeared
to  be a more in te n se  t is s u e  re a c tio n  to  the  in fe c t iv e  p rocess ,
a le u c o c y /to s is  (mainly lym phocytic) was p re sen t. In
a d d itio n  e ry th ro cy te  sedim entation  ra te s  were found to  be
m oderately e lev a ted  in  th e  p re -o p e ra tiv e  period  although
th i s  was no t an in v a ria b le  f in d in g . A more d e ta i le d  account
of th ese  f in d in g s  is  given in  chap ter X.
Examination of the re s p ira to ry  system rev ea led , w ith  
X -ray confirm ation , th a t  s ix te en  p a tie n ts  had had pulmonary 
tu b e rc u lo s is . This fe a tu re  i s  re fe rre d  to  in  more d e ta i l
in  ch ap te r VI. In  p a t ie n ts  who had cough and s p i t ,  th e
sputum was re fe r re d  fo r  d e ta i le d  b a c te r io lo g ic a l exam ination.
In  two p a t ie n ts  th e  tu b e rc le  b a c il lu s  was is o la te d ,  w h ils t 
in  a l l  o th e rs  the  organism was no t found in  repeated  exam ination 
of th e  sputum.
The card io v ascu la r system was in v e s tig a te d  w ith  p a r t ic u la r  
no te  being made of th e  blood p ressu re  read ings which are  
p resen ted  as f ig .  4-2. This ta b le  shows th e  f ig u re s  befo re  
o p e ra tio n , one week a f t e r  o p era tion  and s ix  months a f t e r  
o p e ra tio n . U nfortunately  in  two p a t ie n ts ,  A.T. and A .B t., th e se  
records were m is la id . In  th e  o th er p a t ie n ts  i t  can be seen 
th a t  th i r te e n  had a norm otensive p a tte rn  p r io r  to  o p e ra tio n , 
whereas th e  rem aining seven had s y s to lic  and d ia s to l ic  
h y p erten sio n . F u rth er re fe ren ce  w il l  be made to  th i s  in  
ch ap te r XI and i s  a lso  th e  su b jec t of a sep a ra te  communication 
(C raik  and Macdonald 1958). In  no p a t ie n t  was th e re  any 
evidence of rheum atic c a r d i t i s ,  n e ith e r  was th e re  any c l in ic a l  
s ign  or symptom to  suggest th a t  the  p a t ie n t  had p rev io u s ly  
su ffe red  from tubercu lous p e r ic a r d i t i s .
Abdominal exam ination was c a rr ie d  out ro u tin e ly  in  a l l  
th e  p a t ie n ts .  Tenderness over th e  a ffe c te d  kidney was an 
in v a r ia b le  f e a tu re .  H.McL. had a considerab ly  en larged  
r ig h t  k idney which m s  f r e e ly  pa lpab le  in  th e  abdomen and 
appeared to  be q u ite  mobile. The presence of p rev ious 
f i s t u l a e  was seen in  R.S. who a lso  had a firm  and adheran t 
mass in  th e  l e f t  lo in  and hypochondrium.
In  th e  female p a tie n ts  d e ta i le d  m enstrual h is to ry  
was obtained from th e  young age group and in  none was th e re  
any evidence to  suggest th e  presence of tubercu lous 
e n d o m etritis .
A ll th e  male p a t ie n ts  had th e  te s te s  examined and r e c ta l  
exam ination c a rr ie d  out to  no te  the  presence or absence of 
enlargem ent of th e  seminal v e s ic le s .  In  two p a t ie n ts  D.OfR 
and R.S. who had had tuberculous ep id idym itis  p rev io u s ly , some 
th ick en in g  of th e  vasa d e fe re n tia  and th e  epididymes was 
f e l t .
The c e n tr a l  nervous system x>ras examined and in  p a r t ic u la r  
th e  fundus o c u li to  no te  th e  presence or absence of any r e t in a l  
tu b e rc u lo s is . In  th e  p a tie n ts  su ffe rin g  from hypertension  
in  a sso c ia tio n  w ith  the  u n i la te r a l  re n a l d isea se  th e  fin d in g s  
a re  commented on in  chap ter XI.
41
Urine exam ination was c a rr ie d  out d a ily  in  a l l  
th e  p a t ie n ts  in  th e  s e r ie s  and in  most p ro te in  was found.
Pus c e l l s  were a lso  p re sen t in  a l l  p a t ie n ts .
B a c te r io lo g ic a l exam ination i s  re fe rre d  to  in  considerab le  
d e ta i l  in  ch ap te r IX.
Once th e  d iagnosis of ren a l tu b e rc u lo s is  was confirmed 
b a c te r io lo g ic a l ly , fu r th e r  in v e s t ig a tio n  was undertaken 
to  lo c a l i s e  th e  s id e  of th e  le s io n  and a sse ss  i t s  s e v e r ity  
in  o rder to  arrange an ti- tu b e rc u lo u s  trea tm en t. In  re sp ec t 
of th i s ,  f u r th e r  su rg ic a l in v e s t ig a tio n s  were undertaken by 
means of in travenous pyelography, cystoscopy and re tro g rad e  
pyelography.
In travenou  s pyelography.
Following the  in travenous in je c t io n  of 50% uriodone 
X -ray exam ination revealed  th e  opaque shadow which had been 
produced in  th e  kidney. By th i s  method an in d ic a tio n  of 
th e  re a c tio n , s iz e , s e v e rity , p o s it io n  and d is t r ib u t io n  
of th e  tubercu lous process in  the  kidney a ffe c te d  was ob ta ined . 
F u rth e r , by s e r i a l  X-ray, i . e .  f iv e  to  ten  minute in te rv a ls ,  
co n cen tra tio n  o f th e  dye could be judged and the  e ffe c tiv e n e ss  
of th e  ex cre tio n  of th e  dye in to  the  kidney estim ated . In  
a d d itio n  th e  shape of th e  ren a l p e lv is  could be a ssessed ;
assessed ; th e  co nd ition  o f th e  u r e te r  and th e  s iz e  and 
appearance of the  u r in a ry  b ladder gauged. F ig s . 14- -  27 
in  Volume I I  a re  re p re se n ta tiv e  X-ray photographic 
red u c tio n s  of some of th e  in travenous pyelograms c a r r ie d  
o u t. The d i f f e r e n t  p a tte rn s  which occurred in  tu b e rc u lo s is  
of th e  kidney  a re  very  numerous but in  the  examples 
included  many of th e  more common fe a tu re s  a re  i l l u s t r a t e d .
F ig . 14- shows no ex cre tio n  from the  l e f t  kidney, w ith  
some e x c re tio n  from .the r ig h t  kidney, which appears reasonab ly  
normal, a lthough some hydronephrosis would appear to  be 
p re se n t. F ig . 15 shows th e  b ladder of the  same p a t ie n t  
and re v e a ls  a  f a i r l y  normal sized  b ladder although some 
d is to r t io n  i s  p re sen t a t  the  entrance of th e  l e f t  u re te r  
to  th e  b lad d er. F ig . 16 shows no fu n c tio n  from th e  r ig h t  
k idney  w h ils t th e  l e f t  k idney appears to  be reasonably  normal. 
This f ig u re  a lso  shows th e  d is to r t io n  p re sen t in  th e  lumbar 
sp in e , due to  sp in a l c a r ie s .  The appearance in  th i s  
photogjaph i s  suggestive of r ig h t  ren a l tu b e rc u lo s is . F ig .17 
shows dye e x c re tio n  from both k idneys. On th e  r ig h t  s id e  
th e  shadow i s  le s s  in ten se  but appears to  be q u ite  normal. The 
calyces of th e  l e f t  kidney appear to  be somewhat d i la te d  w ith 
some fu zz in ess  ev iden t in  th e  middle and low er ca ly ces . The/
The appearances are  those of tu b e rc u lo s is  of th e  l e f t  k idney . 
F ig .18  i s  an in te r e s t in g  photograph in  th a t  th e  l e f t  s id e  
appears to  be w ith in  normal l im its  though th e re  i s  some 
d is to r t io n  in  th e  calyces of the  lower p o le . The r ig h t  
k idney  i s  somewhat d i la te d  but th e re  i s  no o th e r d e f in i t iv e  
evidence of d isea se . In  th i s  p a t ie n t  th e  d isea se  i s  
lo c a l is e d  to  the  low er po le  of th e  l e f t  kidney. M iltip le  
c a lc i f ie d  glands a re  seen in  the  abdomen, w hile th e  b ladder 
shadow i s  very  sm all. F ig . 19 shows no ex cre tio n  from the  
l e f t  k idney . The r ig h t  kidney shows d is to r t io n  of th e  upper 
po le  calyces.and  l i t t l e  or no ex cre tio n  from th e  middle and 
low er ca ly ces. The kidney appears to  be en larged . The 
tubercu lous le s io n  i s  in  th e  l e f t  kidney ( c / f  f ig .  58). The 
b lad d er shadow i s  w ith in  normal l im i t s .  F ig . 20 p re sen ts  
r a th e r  an unusual p ic tu re  in  th a t  both kidneys appear to  be 
abnormal in  o u tlin e ; the  r ig h t  kidney shows c a v ita tio n  and 
d is to r t io n  of the  calyces of th e  upper and m iddle po les of the  
k idney. No ex c re tio n  i s  seen in  th e  low er p o le ; th e  l e f t  
k idney  shows some d i la ta t io n  of the  lower p o le . In  th i s  
p a t ie n t  th e  r ig h t  kidney i s  severe ly  damaged; th e  l e f t  k idney 
a lso  appears to  have some mechanical d i s to r t io n .  In  f i g . 21 
both  kidneys" show excre tio n  and g en era lly  th e  appearances a r e /
are  q u ite  normal although on th e  r ig h t  s ide  th e re  i s  some 
i r r e g u la r i t y  in  th e  low er p o le . The u r e te r  appears to  be 
d i la te d .  Although no t c le a r ly  seen in  th e  red u c tio n  
photographs th e  calyces of the  upper po le  o f th e  r ig h t  k idney 
a re  somewhat fuzzy and i r r e g u la r  due to  tu b e rc u lo s is . F i g ,22 
i s  a most in te r e s t in g  one in  th a t  i t  shows a com pletely c a lc i f i e d  
l e f t  k idney w ith  c a lc i f ic a t io n  a lso  seen in  a th ickened l e f t  
u r e te r .  Fig# 23 from th e  same p a tie n t  shows some d i la ta t io n  
o f th e  r ig h t  kidney w ith i r r e g u la r i ty  of the  calyces of th e  
upper p o le . The l e f t  kidney and u r e te r  a re  c a lc i f ie d  as in  
F ig . 22. P o s t-o p e ra tiv e ly  f i g .  24- shows th e  remnant of th e  
c a lc i f ie d  l e f t  u r e te r ;  th e  r ig h t  kidney shadow shows some 
s l ig h t  i r r e g u la r i t y  of th e  lower calyces w ith  some s l ig h t  
d i l a t a t io n  of the  u re te r .  F ig . 25 shows an even but 
reasonab ly  normal p a tte rn  from th e  r ig h t  k idney which appears 
to  be s l ig h t ly  en larged . No ex cre tio n  i s  v is ib le  from the  
l e f t  k idney. F ig s . 26 and 27 a re  a t  f iv e  to  f i f t e e n  minute 
in te rv a ls  a f t e r  th e  uriodone in je c t io n . The r ig h t  kidney i s  
ra p id ly  v is ib le  in  f ig .  26 but no ex cre tio n  can be seen from 
the  l e f t  k idney. In  f ig .  27 th e re  i s  now a f a in t  shadow seen 
on the  l e f t  s id e  whereas th e  r ig h t  kidney now appears to  be 
more normal in  o u tlin e .
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These re p re se n ta tiv e  in travenous pyelograms in d ic a te  
th e  u se fu ln ess  of th i s  S u rg ic a l*  ad ju n ct of re n a l 
in v e s t ig a tio n , although th e i r  use i s  r a th e r  l im ite d . I t  i s
e s s e n t ia l  th a t  f u r th e r  methods should be employed to  reach  
a more p re c ise  d iag n o sis . Accordingly cystoscopy was 
arranged and c a r r ie d  out in  each p a t ie n t .
Cystoscopy.
Cystoscopy was c a rr ie d  out in  a l l  th e  p a t ie n ts  in  
th e  s e r ie s  by th e  u ro lo g ic a l surgeon w ith  or w ithout 
g en era l a n a e s th e tic s . The s e v e r ity  of th e  symptoms 
complained of and th e  p a t i e n t fs general co n d itio n  being 
th e  determ ining fe a tu re s  in  th e  use or otherw ise of the  
a n a e s th e tic .
The b lad d er cap ac ity  was measured; th e  b ladder su rface  
was then  examined in  d e ta i l  and th e  presence or absence of 
c y s t i t i s ,  tubercu lous or non-tubercu lous, no ted . A b r ie f  
no te  i s  given of the  fin d in g s  in  some of th e  p a t ie n ts  as 
i l l u s t r a t i v e  examples.
In  J.KcA. who had had a r e la t iv e ly  sh o rt h is to ry  of 
in c reased  frequency of m ic tu r it io n , fo u r weeks only, the  
exam ination revealed  a normal b ladder in  which th e  cap ac ity  
was sm all, only fo u r ounces being re ta in e d . The r i g h t /
r ig h t  u re te r  appeared to  be normal but th e  l e f t  u r e te r  
was lik en ed  to  a g o lf  ho le  because of th e  r e t r a c t io n  which 
was p re se n t. The whole b ladder was congested but no tu b e rc le s  
were seen. S im ila r ly  H.McL. a t  cystoscopy was found to  
have a sm all b ladder capac ity  and on in sp ec tio n  of th e  
mucosal su rface  a patch  of c y s t i t i s  was ev iden t on which 
tu b e rc le s  were v is ib le .  The r ig h t  u re te r ic  o r i f ic e  was 
s l ig h t ly  d i la te d  and the  l e f t  u r e te r ic  o r i f ic e  drawn back 
co n sid erab ly . In  J .P . th e  b ladder cap ac ity  was found to  be 
normal whereas the  r ig h t  u re te r ic  o r i f ic e  was com pletely 
o b s tru c ted  and obscured.
The ex tension  of the  d isea se  from th e  k idney in to  th e  
b ladder from th e  u re te r  can be seen on in sp ec tio n  and i f  i t  
has been long stand ing  tubercu lous c y s t i t i s  may be ev id en t. 
R etrograde pyelography.
Following in sp ec tio n  of the  b ladder by cystoscopy an 
a ttem pt was made to  pass u re te r ic  c a th e te rs  f i r s t  in to  
th e  more normal o r h ea lth y  u re te r .  When th i s  had been achieved 
■and th e  10 ml. of 35$ uriodone in je c te d  along th e  c a th e te r ,  
a re tro g rad e  pyelogram X-ray was c a rr ie d  ou t. T h e re a fte r  an 
a ttem pt was made to  pass th e  c a th e te r  in to  the  u r e te r  on the  
a ffe c te d  s id e , bu t in  many cases th i s  proved im possib le  due t o /
to  th ick en in g  and c ic a t r iz a t io n  of th e  u r e te r .  In  p a t ie n ts  
where th i s  procedure was su cc e ss fu lly  c a r r ie d  out and th e  
dye in je c te d  along th e  c a th e te r , a  fu r th e r  X -ray photograph 
was ob ta ined . In  th i s  way a more complete im pression was 
obtained of the  c h a rac te r, p o s itio n , s iz e , s e v e r ity , 
lo c a t io n  and d is t r ib u t io n  of th e  tubercu lous p rocess in  the  
k idney a f fe c te d . A b r ie f  no te  i s  given of th e  fin d in g s  of 
th e  re tro g rad e  pyelography dem onstrated in  Volume I I  as 
f ig s .  28 -  41*
In  f i g .  28 a shaggy appearance of th e  u re te r ,d u e  to  
d if fu s e  f ib r o s is  and granulomatous i n f i l t r a t i o n ,  i s  seen.
The re n a l p e lv is  i s  g ro ss ly  con trac ted  and th e  normal 
a rc h ite c tu re  of the  calyces rep laced  by a number of la rg e  
i r r e g u la r  c a v i t ie s  which p re sen t a ^ o th - e a te n 1 appearance.
F ig . 29, which i s  a l a t e r a l  view confirms th e  im pression 
given in  f i g .  28. F ig . 30 shows g en era lised  d i la ta t io n  
of th e  calyces in  th e  r ig h t  kidney whereas f i g .  31 shows th e  
r e s u l t  of c a th e te r is a t io n  of a f a i r l y  normal l e f t  k idney.
The d i la te d  and d is to r te d  r ig h t  kidney calyces a re  s t i l l  seen. 
F ig . 32 shows th e  l e f t  kidney which i s  normal in  o u tlin e ; 
th e re  i s  some d i la ta t io n  ev iden t in  the  lower po le  of th e  
u re te r .  The r ig h t  u re te r ic  o r i f ic e  could not be c a th e te r i s e d /
c a th e te r is e d  e f fe c t iv e ly  as th e  c a th e te r  d id  no t go beyond 
2 cms. I t  was accord ing ly  withdrawn. F ig . 33 shows a 
somewhat d i la te d  p e lv is  on th e  l e f t  s id e  w ith  f a i r l y  normal 
cupped l e s s e r  ca ly ces. The r ig h t  u r e te r  in  th i s  p a t ie n t  a lso  
could no t be c a th e te r is e d  and accord ing ly  no dye was in je c te d  
in to  th e  r ig h t  kidney. F ig . 34- i s  s im ila r  in  th a t  th e  l e f t  
k idney appears normal, th e  r ig h t  u r e te r ic  o r i f ic e  could no t 
be c a th e te r is e d . F ig . 35 and 36 which were c a r r ie d  out 
on d i f f e r e n t  occasions show considerab le  d i la ta t io n  of th e  
k idney p e lv is  on th e  r ig h t  s id e  w ith d i l a ta t io n  of the  u re te r .  
The l e f t  s id e  shows gross d is to r t io n  of the  k idney o u tlin e . 
C avity  form ation  could be seen in  both o u te r and low er p o le s .
In  f i g .  37 th e  r ig h t  kidney appears to  be normal in  o u tlin e .
The l e f t  u re te r  could not be c a th e te r is e d  and accord ing ly  no 
pyelogram X -ray was o b ta in ab le . A normal re tro g rad e  pyelogram 
was obtained in  f ig .  38 which rev ea ls  a s l ig h t ly  d i la te d  re n a l 
p e lv is .  As th e  l e f t  u r e te r  could not be c a th e te r is e d  fu r th e r  
than  2 cms. no pyelogram was obtained on th i s  s id e . In  f ig .  39 
a moderate degree of hydronephrosis i s  seen on th e  l e f t  s id e ; 
th e  u re te r  shows some d i la ta t io n .  On the  r ig h t  s id e  th e  u re te r  
was only o a r t i a l l y  c a th e te r is e d  and co n siderab le  d i l a ta t io n  
i s  seen in  i t .  The kidney i s  not v is u a l is e d . A retrograde/
re tro g rad e  pyelogram was no t p o ss ib le  in  th e  p a t ie n t  J .P .  
as th e  r ig h t  u r e te r  was com pletely obscured. However th e  
l e f t  s id e  was c a th e te r is e d  and a pyelogram obtained . F ig . 4-0 
shows some d i la ta t io n  of th e  middle group of calyces and 
incom plete f i l l i n g  of the  upper p o le . In  regard  to  R.S. 
who had been found to  have a c a lc if ie d  l e f t  kidney and u r e te r  
which could no t be c a th e te r is e d , an a ttem pt was made to  
c a rry  out a  re tro g rad e  pyelogram on th e  l e f t  s id e  w ith  th e  
r e s u l t  seen in  f ig .  41* Some d is to r t io n  of th e  middle and 
upper calyces i s  ev iden t w ith  d i la ta t io n  of th e  p e lv is .
I t  can be seen th a t  th e  re tro g rad e  pyelograms obtained 
a re  a  u se fu l a n c il la ry  method of lo c a l is in g  th e  d is t r ib u t io n  
of th e  le s io n  in  the  a ffe c ted  kidney when i t  can be c a th e te r is e d . 
I t s  va lue  in  estim ating  th e  appearance and co n d itio n  of the  
c o n tr a la te r a l  kidney i s  a lso  ev iden t.
I t  i s  th e re fo re  adv isab le  to  make use of a l l  the  
c l in ic a l  f in d in g s  a s s is te d  by the su rg ic a l techn iques of 
in travenous pyelography, cystoscopy and re tro g rad e  pyelography 
to  o b ta in  accu ra te  lo c a l is a t io n  of the  tubercu lous le s io n  
o r le s io n s  p re se n t. I t  i s  f e l t  however th a t  a more r e l ia b ly  
q u a n tita t iv e  estim ate  of re n a l damage i s  re q ire d  and so the  
Inulin/fcAH ex cre tio n  and c learance  procedures were c a r r ie d  ou t.
CHAPTER VI
PRODROMAL LESIONS
I t  has been c a te g o r ic a lly  s ta te d  by most a u th o r i t ie s  
in  d iscu ss in g  th e  e tio lo g y  of re n a l tu b e rc u lo s is  th a t  
th e  d isea se  i s  n o t th e  i n i t i a l  p re sen tin g  le s io n  of 
tu b e rc u lo s is .
Thomson-l'falker (1937) s ta te d  th a t  s t r i c t l y  prim ary
re n a l tu b e rc u lo s is  does no t e x is t .  He goes on to  s ta t e
th a t  th e re  i s  always a prim ary focus p re sen t in  th e  body
though no t always d iscovered c l in ic a l ly .  In  193 p a tie n ts  
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who had re n a l tu b e rc u lo s is  operated on by him, 48.1 p e r  cen t 
had le s io n s  elsew here. In  34-6 p a tie n ts  who had been operated 
on f o r  re n a l tu b e rc u lo s is  Braasch (1920) found 71 p e r cent 
had had p rev ious evidence of tu b e rc u lo s is . A fu r th e r  
s e r ie s  desc rib ed  by Persson (1925) had prodromal e x tra  re n a l 
tu b e rc u lo s is  in  50 p e r cen t of cases. Borthwick (1956) 
assessed  th i s  fe a tu re  In th e  course of a review  of ren a l 
tu b e rc u lo s is  and found th a t  in  48.3 per cen t of males th e re  
was evidence of e x tra  u ro -g e n ita l tu b e rc u lo s is , whereas 
in  fem ales the  p ro p o rtio n  was s l ig h t ly  lower a t  4-6.3 p e r cen t.
Thomson-Walker (l9 3 rr) found ac tiv e  pulmonary tu b e r c u lo s is /
tu b e rc u lo s is  in  only 5 .3  p e r  cen t of h is  s e r ie s  whereas 
Borthwick (1956) re p o rts  th a t  4-7.7 p e r cen t of p a t ie n ts  
had pulmonary tu b e rc u lo s is  and a fu r th e r  1 2 .6  p e r  cen t 
had combined lung and bone and lung and jo in t  tu b e rc u lo s is .
In  th e  p re sen t s e r ie s  l 6 (72.7 p e r cent) had evidence 
of p rev ious pulmonary tu b e rc u lo s is . Tuberculous 
ep id id y m itis  was found in  th re e  p a t ie n ts  (13*6 p e r c e n t) , 
D.OfB, W.S. and R.S. as prodromal le s io n s .  Thomson-¥alker 
had 23*3 p e r  cen t w ith  ep id idym itis  in  h is  s e r ie s  w h ils t 
Borthwick had 63.8  p e r cen t.
E.C. in  whom th e re  was no evidence of pulmonary 
involvm ent had had tu b e rc u lo s is  of the  th i r d  and fo u r th  
lumbar sp ine seven years  p r io r  to  the  re n a l disease*.
H.P. had p rev io u s ly  su ffe red  from tu b e rc u lo s is  of th e  
sternum .
I t  i s ■in te r e s t in g  th a t  the  daughter of T.B. had had 
tubercu lous m en in g itis  two years p r io r  to  h is  own i l l n e s s .
R .I . ,  who i s  th e  youngest p a t ie n t  in  th i s  s e r ie s ,  
had p rev io u s ly  su ffe red  from pulmonary tu b e rc u lo s is  and 
was orphaned by the  death of h is  mother by pulmonary p h th is i
In  fo u r p a t ie n ts  (IS p e r cen t) no d is t in c t iv e  evidence 
was found of the  presence of a prodromal le s io n .
The tu b e rc le  b a c i l l i  may reach th e  kidney in  
one of th e  fo llow ing th re e  ways
(1) by an ascending rou te  from th e  epididym is, 
seminal v e s ic le s  or p ro s ta te .
(2) by lym phatic channels from neighbouring 
glands or
(3) by blood spread.
•Kedler (1926 and 1932) showed th a t  b i l a t e r a l  re n a l 
tu b e rc u lo s is  was p re sen t h is to lo g ic a l ly  in  many p a t ie n ts  
who had d ied  of e x tra -u ro g e n ita l tu b e rc u lo s is .
I t  was considered th a t  the  re s is ta n c e  of th e  p a t ie n t  
and th e  v iru len ce  o f the  b a c i l l i  determ ined th e  development 
of th e  kidney le s io n . Following breakdown of a sm all 
q u iescen t le s io n  in  th e  kidney, a tubercu lous b a c i l lu r ia  
may a r is e  and in  th i s  way symptoms and signs of th e  d isea se  
develop. The p rocess , once i t  has invaded th e  mucous 
membrane of th e  ren a l p e lv is  and caused u lc e ra tio n  may r e s u l t  
in  f u r th e r  le s io n s  developing elsewhere in  th e  re n a l t r a c t  
w ith  spread occurring  in to  th e  u re te r  and thus to  th e  b ladder 
i t s e l f .
F u lle r to n  (1927) in  a s e r ie s  of 141 cases found evidence 
of some tubercu lous le s io n s  in  26 per cen t and added t h a t /
t h a t  no doubt hidden fo c i  were p re sen t in  g lands, bones 
e tc .  bu t n o t s u f f ic ie n t ly  obvious to  a r r e s t  a t te n tio n  
during  an o rd in ary  c l in ic a l  exam ination.
In  t h i s  s e r ie s  the  most common p recu rso r of re n a l 
tu b e rc u lo s is  was lung involvem ent. The incidence of 
prodromal le s io n s  a ffe c t in g  o ther p a r ts  of th e  g e n ita l  
system -  seminal v e s ic le s ,  p ro s ta te  and epididym is, -  
found by Borthwick (1956) was no t confirmed in  th i s  sm all 
s e r ie s*  I t  I s  g en e ra lly  recognised however th a t  re n a l 
tu b e rc u lo s is  i s  no t a prim ary .disease but i s  secondary to  
ano ther focus of tubercu lous in fe c tio n , apparent or 




The biochem ical in v e s t ig a tio n  which has been u t i l i s e d  
f o r  th e  purpose of th i s  s e r ie s  was th e  combined Inulin/1?AH 
e x c re tio n  t e s t  as described  in  chap ter IX. This t e s t  was
c a r r ie d  out on each p a tie n t  on th re e  occasions,
(1) p r io r  to  nephrectomy
(2) one week a f t e r  nephrectomy and
(3) s ix  months a f t e r  nephrectomy*
From th e  r e s u l ts  of the  t e s t  a  va lue  f o r  Renal Plasma 
Flow (RPF), Glomerular F i l t r a t io n  Rate (GFR), and Maximal 
Tubular e x c re tio n  of p-am inohippurate (Tmp^) was ob tained . 
The maximal ex cre tio n  of PAH depends on th e  number and th e  
fu n c tio n a l e ff ic ie n c y  of nephrons and i s  l i t t l e  in fluenced  
by p h y s io lo g ic a l vasomotor v a r ia tio n s  in  ren a l blood flow  
and in  g lom erular f i l t r a t i o n  (Smith, (1951)* In  re n a l 
d isea se  th e  maximal tu b u la r  ex cre tio n  of Tmp^ i s  a measure 
o f su rv iv ing  fu n c tio n a l kidney t i s s u e ,  th e  q u a n tita tiv e  
accuracy of which i s  fu r th e r  d iscussed  in  chap ter X.
I f  th e  TmpAH f ig u re s  a re  arranged in  descending o r d r /
ord er of th e  p re -o p e ra tiv e  value ( f ig .  4-3) th e  cases can 
be arranged in  m ild, moderate and severe groups. I t  can 
be seen from f ig .  4-3 th a t  th e re  i s  an o v e ra ll lo s s  of 
fu n c tio n a l ren a l t i s s u e  im mediately a f t e r  opera tion  which 
i s  n o t made good in  s ix  months tim e. I t  i s  im portant to  
no te  th a t  the  values obtained p re -o p e ra tiv e ly  a re  f o r  th e  
combined fu n c tio n in g  a b i l i t y  of th e  two k idneys, w hile th e  
p o s t o p e ra tiv e  f ig u re s  a re  fo r  th e  s in g le  rem aining kidney, 
th e  percen tage  of average normal f ig u re  being ca lcu la ted  
on th e  average normal fo r  two k idneys. In  th e  mild group 
th e  value i s  75 per cen t of average normal or h ig h er;
in  th e  moderate group i t  i s  50 -  75 p er cen t and in  the  
severe  group i t  i s  le s s  than 50 p e r cent of average normal.
A review of th ese  groups w il l  now be given, w ith 
d e ta i l s  of i l l u s t r a t i v e  examples of Tup ah, RPF and GFR r e s u l t s .  
MILD GROUP.
There were f iv e  p a tie n ts  in  th i s  group in  a l l  of whom 
th e  p re -o p e ra tiv e  maximal tu b u la r  ex cre to ry  cap ac ity  of 
PAI-I (Tmp£jj) fo r  two kidneys was more than 75 p e r cen t o f average 
normal. The o ld e s t p a tie n t was 35 y e a rs , th e  youngest 23 
years  and the  mean age 28.8 y ears , ( f i g . 4-3).
Maximal Tubular jfeaetorv Capacity of PAH.
Maximal Tubular E xcretory  Capacity of PAH*
The mean value of Tmpj j^ p r io r  to  opera tion  was
63.7  mgm. p e r min. (SO p e r cen t of average norm al): one
week a f t e r  opera tion  th e re  had been a considerab le  f a l l  
to  4-5.6 mgrn. p e r min. (57 .S p er cent of average normal) 
w ith  a fu r th e r  s l ig h t  but not s ig n if ic a n t  fal}. to  4.2.3 mgm. 
p e r min. (53*6 p e r cen t of average normal) a f t e r  s ix  
months. F ig . 44*
In  J .P .  th e  Tn^jyjj p re -o p e ra tiv e  value was 61.2  mgm. 
p e r  min. (^7 .5  p e r cent of average norm al): one week p o s t
o p e ra tiv e ly  th i s  f ig u re  was 60 . 4- mgrn. per min. (77 p e r  cent 
of average norm al). I t  i s  d i f f i c u l t  to  erxplain th is  
h igh  value  a f t e r  nephrectomy as the  s ix  month fs f ig u re  was 
34-.0 mgm. p e r min. (4-3 p e r cen t of average norm al). In  
g en era l, a t  th e  end of s ix  months the  amount of fu n c tio n a l 
re n a l t i s s u e  was w ith in  the  normal range f o r  a s in g le  kidney 
Renal Plasma Flow.
The mean value fo r  th e  mild group fo r  RPF was 431 ml. 
p e r min. (69 p e r cen t of average norm al): a t  one week a f t e r
o p era tio n  RPF was 415 ml. per min. (66 p e r cent of average 
normal) w h ils t a t  s ix  months th i s  f ig u re  had f a l le n  to  315 
ml. p e r min. (50 p e r cen t o f  average norm al). F ig . 44 .
In  f ig .  45 th e  RPF and GFR re s u l ts  a re  arranged 
according to  the  descending value of Tmp^ p re -o p e ra tiv e ly . 
I t  can be seen th a t  th e  general p a tte rn  i s  s im ila r  although 
th e  q u a n ti ta t iv e  amount of ren a l t is s u e  damaged cannot be 
assessed  as a ccu ra te ly  as w ith Tmp^.
The RPF value fo r  RS p re -o p e ra tiv e ly  was low a t  267 ml. 
p e r min. (43 p er cen t of average norm al): a f t e r  one week th e
f ig u re  was 232 ml. p e r  min. (42 p e r cen t of average normal) 
and remained more or le s s  th e  same a f te r  s ix  months. In  
t h i s  p a t ie n t  th e re  had been some improvement in  the  RPF 
a f t e r  nephrectomy whereas in  AG th e  i n i t i a l  value which 
had been 527 ml. p e r m in .(84 per cent of average normal) 
f e l l  im m ediately a f t e r  opera tion  to  444 ml. p e r min. (71 p e r  
cen t of average normal) and was f in a l ly  reduced to  277 m l.p e r 
min. (44- p e r cen t of average normal) a f t e r  s ix  months.
Glomerular F i l t r a t io n  R ate.
The mean value fo r  the  mild group f o r  GFR was 
82 ml. p e r  min. (67  p e r  cen t of average normal) p r io r  to  
o p e ra tio n . Immediately a f t e r  opera tion  the  GFR was 69 ml. 
p e r  min. (56  p e r  cen t of average normal) whereas in  s ix  months 
tim e th e re  had been some s l ig h t  recovery and th e  f ig u re  was 
72 ml. p e r min. (59 p e r cent of average norm al). F ig . 44 .
The GFR r e s u l ts  which have been arranged according 
to  th e  p re -o p e ra tiv e  value of Tiftp^ r e s u l ts  in  f i g .  45 
showed no p a r t ic u la r  tren d  o th er than th a t  th e re  i s  an 
a sso c ia te d  p a r a l le l  w ith Tmp^ and RPF r e s u l t s .
The p re -o p e ra tiv e  value of GFR in  KP was 57 ml. p e r 
min. (46  p e r  cen t of average norm al): a f t e r  one week the
f ig u re  had dropped to  52 ml. p e r min. (42 p e r cent of average 
normal) and a f t e r  s ix  months i t  recovered to  58 ml. p e r  min.
(47 p e r cen t of average norm al). I n i t i a l l y  RS had a GFR 
r e s u l t  of 90 ml. per min. (73 p er cent of average normal) 
f a l l in g  one week a f te r  opera tion  to  76 ml. p e r  min. (62  
p e r cen t of average normal) and f in a l ly  r is in g  a f t e r  s ix  
months to  79 ml. per min. (64  per cent of average norm al).
In  th e  mild group the  Tmp^ p- , RPF and GFR va lues 
p re -o p e ra tiv e ly  in d ic a te  th a t  th e re  i s  a reasonable  amount 
of fu n c tio n a l re n a l t is s u e ,  f ig .  44 . One week a f t e r  opera tion  
th e re  i s  a reduc tion  in  the  amount of fu n c tio n a l re n a l 
t i s s u e  p re se n t. Six months l a t e r  th e re  has been a s t i l l  
f u r th e r  s l ig h t  drop in  fu n c tio n a l ren a l t is s u e  but th e  o v e ra ll 
f in a l  r e s u l t  in d ic a te s  th a t  th e re  i s  s t i l l  s u b s ta n tia l  ren a l 
fu n c tio n  in  th e  remaining kidney.
MODERATE GROUP.
In  th e  moderate group th e re  are  e ig h t p a t ie n ts  in  
whom th e  p re -o p e ra tiv e  maximal tu b u la r ex cre to ry  cap ac ity  
of PAH fo r  two kidneys was more than 50 p e r cen t and le s s  
than  ^5 p e r cen t of average normal. The o ld e s t p a tie n t  
was 45 y e a rs , the  youngest 12 years and the  mean age 27.3 
y ea rs , s l ig h t ly  lower than but no t s ig n if ic a n t ly  d i f f e r e n t  
from th e  mild group, f i g . 43-
Maximal Tubular E xcretory Capacity of PAH.
The mean value of Imp ah p r io r  to  opera tion  was 57.7 mgm. 
p e r min. (60.5  per cent of average norm al): one week a f t e r
o p e ra tio n  TnrpAH was 45.5 mgm. per min. (57 .7  p e r cen t of 
average normal) which in d ic a te s  th a t  th e re  has been very  l i t t l e  
lo s s  of fu n c tio n a l ren a l t i s s u e .  This r e s u l t  fo r  Tmp^jj of 
45.5 mgm. p e r min. (57 «7 p e r cent of average normal) was 
a lso  found s ix  months a f te r  opera tion . This genera l r e s u l t  
i s  d iscussed  fu r th e r  in  chap ter X.
An in sp ec tio n  of in d iv id u a l f ig u re s  i s  in te r e s t in g .
TB, RY and MB a l l  showed some increase  in  Tmp^ a f t e r  op era tio n  
although a l l  th re e  rev e rted  to  values which were le s s  than these 
p r io r  to  o p e ra tio n . In  th e  case of ill  the  p re -o p e ra tiv e  
value  of 45.5 mgm. per min (58 p er cent of average normal) h a d /
had f a l le n  to  38.5 mgm. p e r min. (49 p e r cen t of average 
normal) one week a f t e r  opera tion  and f in a l ly  had r is e n  to
46.7  mgm. p er min. (59 p er cent of average normal) s ix  
months a f t e r  opera tion , in d ic a tin g  th a t  hypertrophy had 
occurred in  th e  remaining kidney follow ing removal of th e  
d iseased  organ. F u rth er re fe ren ce  w il l  be made to  th i s  
in  ch ap te r X.
Renal Plasma Flow.
The mean fo r  th e  moderate group in  re sp ec t of RPF 
r e s u l t s  was 597 ml. p e r min. (79 p e r cent of average normal) 
p r io r  to  nephrectomy: one week a f te r  nephrectomy i t  was
397 nil. p e r min. (64  per cent of average normal) and s ix  
months l a t e r  373 ml. per min. (60 p e r cen t of average norm al).
On in sp ec tio n  of f ig .  45 i t  can be seen th a t  th e  general 
p a t te rn  throughout has been c o n s is te n t. Only in  one, WN, was 
th e re  an in c rease  in  RPF value a f te r  o pera tion . I t ,  however, 
had s e t t le d  s ix  months a f t e r  opera tion . This in c rease  
from 385 ml. p e r min. ( 62per cent of average normal) was, 
perhaps, due to  some te c h n ic a l d i f f i c u l ty  experienced 
during  th e  execution  of th e  t e s t  immediately a f t e r  o p e ra tio n . 
VB a t  s ix  months a f t e r  nephrectomy had an in c rease  in  RPF to  
512 ml. p e r min. (82 per cen t of average normal) from a n /
an i n i t i a l  va lue  of 437 ml. p e r min. (70 p er cen t of 
average normal) which had f a l le n  to  411 ml. p e r min. (66 
p e r cen t of average normal) one week a f t e r  op era tio n . 
omerular F i l t r a t io n  R ate.
The r e s u l ts  in  th is  group were in  keeping w ith  th e  
o th e r r e s u l t s .  The mean value p r io r  to  o p era tio n  was 
84 ml. p e r min. ( 68 p ercen t of average normal) dropping to  
75 ml. p e r  min. (6 l p e r cent of average normal) one week a f t e r  
nephrectomy and recovering to  78 ml. per min. (63  p e r  cen t of 
average normal) s ix  months.
An in sp ec tio n  of the  d e ta i le d  va lu es , f ig .  45, shows 
no s p e c if ic  tren d , th e  f ig u re  f a l l in g  f a i r l y  c lo se ly  between 
those  of RPF and l n JMcA the  i n i t i a l  value was
74 ml. p e r min. (6 l p e r cent of average normal) f a l l in g  one 
week a f t e r  op era tio n  to  50 ml. p e r min. (41 p e r cen t of 
average normal) and re tu rn in g  to  ^5 ml. per min. (6 l p e r cent 
of average normal) s ix  months a f t e r  opera tion  whereas in  
D0!R th e  i n i t i a l  va lue  of GFR was 90 ml. p e r min. (73 p er cent 
of average normal) f a l l in g  to  84 ml. p e r min. (68 p e r cen t of average 
normal) one week a f t e r  opera tion  and f in a l ly  th e  f ig u re  being 
65 ml. p e r min. (53 p e r cent of average normal) a t  s ix  months.
The tren d  g en era lly  in  th e  moderate group in d ic a te s /
in d ic a te s  th a t  the  amount of fu n c tio n a l ren a l t is s u e  
i s  l e s s  than th a t  of the  mild group, although th e  RPF and 
GFR va lues remain s l ig h t ly  b e t te r .  One week a f t e r  o p era tion  
th e re  has been a fu r th e r  s l ig h t  lo s s  in  th e  amount of 
fu n c tio n a l re n a l t is s u e  as shown by th e  Tmp^g value but th e  
lo s s  i s  considerab ly  le s s  than  th a t  seen in  th e  m ild group.
The f a l l  in  RPF and GFR has a lso  been correspondingly  
le s s  than  th a t  which occurred in  the  mild group 
a f t e r  one week. Six months l a t e r  th e  f ig u re  was
unchanged whereas in  the  mild group th e re  had been a 
f u r th e r  lo s s  a t  s ix  months.
SEVERS GROUP.
In  th i s  group th e re  a re  n ine p a t ie n ts ,  th e  p re -o p e ra tiv e  
maximal tu b u la r  excre to ry  cap ac ity  of PAH (Tmp^) f o r  both 
k idneys being le s s  than  50 p er cen t of average norm al. The 
o ld e s t p a t ie n t  was 62 years, th e  youngest 25 and th e  mean age
A
42 .4  y ears , s ig n if ic a n t ly  o lder than in  the  o th er two groups.
Maximal Tubular Excretory Capacity of PAH.
The mean valie of Top^H before opera tion  was 31.8 mgm. 
p e r min. ( 4 0 .4  p e r cen t of average norm al); one week a l t e r  
nephrectomy i t  had dropped to  30.1 mgm. per min. (38.1 per 
cen t of average normal) whereas in  s ix  months tim e i t  had r i s e n /
r is e n  to  3 6 .2  mgm. p e r min. (4-5.9 per cen t of average 
norm al).
In  t h i s  group th e  most ou tstand ing  fe a tu re  has 
been th e  'considerab le  recovery  g e n e ra lly  of th e  Tmp^ 
va lues found s ix ' months a f t e r  o p era tio n . In  WS th e  
p re -o p e ra tiv e  value  f o r  Tmp^ was 29.7 mgm. p er min.
(33 p e r cen t of average norm al); th i s  f ig u re  f e l l  to  
20.2  mgm. p er min. (26  p e r  cen t of average normal) one week 
a f t e r  o p era tio n  whereas in  s ix  months tim e th e  Tmp^ value  
was 35.0 mgm. p e r min. (4-4 P®*1 cen t of average norm al).
Fig., 4-3. The p re -o p e ra tiv e  value  fo r  HKcL was 28.1 mgm. 
p e r min. (35 .7  p e r  cen t of average normal) which had r is e n  
s l ig h t ly  one week a f t e r  o p e ra tio n  to  29.1 mgm. p e r min.
(37 p e r cen t of average normal) and made a more s ig n if ic a n t  
recovery  s t i l l  to  39*1 mgm. p e r min. (50 p e r  cen t o f average 
normal) s ix  months a f t e r  o p e ra tio n .
The hypertrophy of th e  c o n tr a la te r a l  k idney which 
occurs on th e  removal of th e  d iseased  organ i s  w ell 
rep resen ted  in  th e se  two examples and w il l  be commented 011 
more f u l l y  in  ch ap te r X. v
Renal Plasma Flow.
The RPF r e s u l t s  fo r  th i s  group showed a mean of 24-0 /
64.
24-0 ml# p e r  min. (38 p e r  cen t of average normal) p r io r  to  
nephrectom y: a f t e r  one week KPF was 284 Ml. p e r min. (45
p e r  cen t o f average normal) whereas in  s ix  months th e  f ig u re  
obtained  was 223 ml. p e r min. (36  p e r cen t of average norm al).
F u r th e r re fe ren ce  to  f i g .  45 shows th a t  th e  tren d  
which was noted to  occur in  th e  mild group and th e  moderate 
group so f a r  as th e  RPF v a lues were concerned has been 
m aintained in  th e  severe group. In  AT th e  p re -o p e ra tiv e  
va lue  fo r  RPF was 416 ml. p e r min. (67  p e r  cen t of average 
normal) a f ig u re  which, a f t e r  one week, had f a l l e n  to  
260 ml. p e r  min. (42 p e rcen t of average normal) and was 
reduced to  215 ml. p e r min. (34 VeT cen^ average normal) 
s ix  months a f t e r  op era tio n . In  US th e  p re -o p e ra tiv e  value  fo r  
RPF was 170 ml. p e r min. (27 p e r cen t of average normal) 
which ro se  s l ig h t ly  one week a f t e r  op era tio n  to  213 ml. p e r 
min. (34 p e r  cen t of average normal) bu t s ix  months a f t e r  
nephrectomy had f a l l e n  again  to  184 ml. p e r min. (30 p e r  cen t 
of average norm al).
G lomerular F i l t r a t i o n  R ate.
The GFR r e s u l t s  in  th i s  group fo llow  a s im ila r  p a t te rn  
to  th a t  seen in  th e  mild group and moderate group. The 
mean value  fo r  GFR befo re  o pera tion  was 51 ml. p e r min. /
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min. (41 p e r  cen t of average norm al): one week a f t e r
o p e ra tio n  was 53 ml*, p e r min. (4-3 p e r cen t o f average normal) 
w ith  re v e rs io n  to  th e  o r ig in a l value s ix  months a f t e r  
operation* 51 ml; p e r min. (41 p e r cen t of average norm al).
In  th e  severe  group WS had an i n i t i a l  GFR value 
-o f  42 ml. p e r  min. (34 p e r cen t of averagenorm al) which 
improved to  47 ml. p e r  min. (38 p e r  cen t of average normal) 
one week a f t e r  nephrectomy and remained a t  47 ml. p e r  min.
(38 p e r  cen t of average normal) s ix  months a f t e r  o p era tio n .
In  HKcL th e  p re -o p e ra tiv e  value  fo r  GFR was 42 ml. p e r  min.
(34 p e r  cen t of average normal) r i s in g  one week a f t e r  
o p era tio n  to  53 ml. p e r min. (43 p e r cent of average normal) 
bu t f i n a l l y  re tu rn in g  to  a low er f ig u re  of 44 ml. p e r  min.
(35 p e r  cen t of average normal) s ix  months a f t e r  
nephrectomy. F ig . 45*
In  th e  severe group, as has been s ta te d , th e re  has 
been a  co n sid erab le  lo s s  of fu n c tio n a l re n a l t is s u e ,  
th e  mean v a lu e  of Tmp^H RPF and GFR being le s s  than  50 p e r 
cnnt of average normal in  each case . One week a f t e r  o p e ra tio n  
th e re  has been a s l ig h t  improvement in  RPF and GFR group 
f ig u re s , though th e  Imp^  r e s u l t s  have been s t i l l  f u r th e r  
le sse n ed . In  regard  to  t h i s ,  comparison w ith  the  o th e r  two /
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two groups, mild and moderate, shows th a t  th e re  has been a 
s l ig h t  in c re a se  in  th e  RPF and GFR v a lues in  th e  severe 
group whereas in  th e  o th er two groups th e re  had been a f a l l  
in  RPF and GFR a f t e r  one week. S ix  months l a t e r  th e  
ou ts tan d in g  fe a tu re  has been the  recovery of Tnip^p 
w ith  a maintenance of the  GFR value though th e  RPF r e s u l t  
has f a l l e n  to  a  value lower than  th a t  e x is t in g  p re -o p e ra tiv e ly .
Comparison w ith  the  mild and moderate groups 
a t  s ix  months a f t e r  nephrectomy rev ea ls  th a t  th e  general 
tre n d  of red u c tio n  in  RPF and GFR va lues has been c o n s is ta n t 
in  th e  th re e  groups bu t th a t  th e  Trap^ value  has shown 
recovery . The s ig n ific a n ce  of th i s  fe a tu re  w il l  be 




In  ch ap te r VII re fe ren ce  has been made to  th e  ta b le s  
p repared  from th e  r e s u l ts  of th e  e x c re tio n  and c learance  
t e s t s .  I t  i s  now proposed to  a ssess  th e  s ig n if ic a n c e  of 
th e se  r e s u l t s .
The maximal ex cre tio n  of PAH depends on th e  number 
and th e  fu n c tio n a l e ff ic ie n c y  of nephrons and i s  l i t t l e  
in flu en ced  by p h y sio lo g ica l vasomotor v a r ia t io n s - in  re n a l 
blood flow  and in  glom erular f i l t r a t i o n ,  Smith (1951).
In  re n a l d isea se  th e  maximal tu b u la r  e x c re tio n  of PAH 
i s  a  measure of su rv iv ing  fu n c tio n a l k idney t i s s u e .
The r e s u l t s  have been arranged in  descending
order of t h e i r  p re -o p e ra tiv e  v a lu es . I t  has been found 
th a t  a convenient though a r b i t r a r y  arrangem ent of th ese  
r e s u l t s  can be made by which th e  p a tie n ts  a re  d iv ided  in to  
th re e  d i s t i n c t  groups
( I )  a m ild group in  which the  p re -o p e ra tiv e
v a lu es  of were 75 p e r cen t or more of
average norm al. There a re  f iv e  p a t ie n ts  in  
th i s  group.
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(2) a moderate group in  which th e  p re -o p e ra tiv e  
v alue  of Tmpjm was from 50 -  75 p e r cen t
o f average norm al. There a re  e ig h t p a t ie n ts  
in  th i s  group.
(3) a  severe group in  which th e  p re -o p e ra tiv e  
value  of Tmp j^j was l e s s  than  50 p e r cen t of 
average normal. There a re  n ine  p a t ie n ts  in  
t h i s  group.
Group..
In  th e  mild group, as has a lread y  been seen, th e  
d iseased  kidney s t i l l  con tain s a considerab le  amount of 
fu n c tio n a l re n a l t is s u e  and th i s  i s  l o s t  when su rg ic a l 
removal tak es  p la c e . That th i s  i s  th e  case i s  seen 
in  th e  va lues p re -o p e ra tiv e ly  and p o s t-o p e ra tiv e ly ,
f i g .  UUm
From th e  group means i t  can be seen th a t  th e  p re -o p e ra tiv e  
value  f o r  Tmp^ was 63.7  mgm. p e r  min. (30 .7  p e r cen t of average 
norm al): one week a f t e r  o p era tio n  th e  value was 4-5.6 mgm.
p e r min. (57*3 p er cen t of average normal) w ith  th e  f in a l  
r e s u l t  s ix  months l a t e r  being 4^.3  mgm. p e r min. (53 .6  p e r  
cen t of average norm al). I t  i s  a lso  noted th a t  compensatory 
hypertrophy of th e  rem aining kidney i s  maximal by th e  end /
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end of th e  f i r s t  p o s t o p e ra tiv e  week. S ix  months l a t e r  
th e re  i s  no s ig n if ic a n t  a l t e r a t io n  o f re n a l fu n c tio n , 
though th e  re n a l plasm a flow  has shown some decrease  from 
415 ml. p e r  min. (66 p e r cen t of average normal) one week 
a f t e r  o p era tion  to  315 ml. per min. (50 p e r cen t of average 
norm al).
Moderate Group.
In  th e  moderate group th e  amount of fu n c tio n a l re n a l 
t i s s u e  rem aining in  th e  d iseased  kidney p re -o p e ra tiv e ly  i s  
co n sid erab ly  le s s  than  th a t  rem aining in  th e  a ffe c te d  kidney 
in  th e  f i r s t  group. The mean value f o r  Tnip^jj f o r  th e  
m oderate group i s  4-7.4 mgm. p er min. (60 .5  p e r cen t of average 
normal) as compared w ith  63.7 mgm. p e r min. (80 .7  p e r  cen t 
of average normal) in  the  mild group. One week a f t e r  
o p e ra tio n  th e re  has been some s l ig h t  lo s s  of fu n c tio n a l 
re n a l t i s s u e ,  th e  Tnrpjjjj f ig u re  dropping from 47.7 mgm. p e r 
min. (60 .5  p e r  cen t of average normal) to  45.5 mgm. p e r min. 
(57 .7  p e r  cen t of average normal) and in  s ix  months tim e 
th e re  i s  no fu r th e r  hypertrophy o f th e  rem aining kidney to  
make good th e  lo s s  r e s u l t in g  from the  removal of th e  d iseased  
organ, th e  TmpAI-I f ig u re  being u n a lte red  from th a t  found one 
week a f t e r  op era tio n , 45.5 mgm. p e r min. (57 .7  p e r cen t o f /
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of average norm al).
Severe grout).
The most in te r e s t in g  fin d in g  i s , t h a t  in  the  severe 
group th e re  i s  a  s ig n if ic a n t  in c re ase  in  th e  Tmp^ values 
s ix  months a f t e r  o p era tio n . A week a f t e r  o p e ra tio n  hypertrophy 
of th e  c o n tr a la te r a l  kidney has alm ost made good th e  lo s s  
o f fu n c tio n a l t i s s u e  fo llow ing o p e ra tio n . Unlike the  
mild and moderate groups compensatory hypertrophy i s  no t 
maximal in  a  week and p rogresses u n t i l ,  in  s ix  months, re n a l 
fu n c tio n  i s  b e t te r  than  before  nephrectomy. This i s  a most 
in tr ig u in g  s i tu a t io n  and can only be in te rp re te d  by suggesting  
th a t  th e  presence of a sev e re ly  d iseased  k i d n e y  has in h ib ite d  
compensatory hypertrophy of th e  c o n tra la te ra l  k idney and 
p o ss ib ly  a lso  depressed  i t s  fu n c tio n a l c ap ac ity . As 
soon as th e  d iseased  kidney i s  removed t h i s  in flu en ce  no 
lo n g e r e x is ts  -  fu n c tio n  i s  recovered and in  f a c t  i s  improved 
f u r th e r  by th e  occurrence of some hypertrophy in  th e  
rem aining k idney. These f a c ts  have been rep resen ted  
d iag ram m atica lly  in  f ig .  100.
A ra tak i (1926) c a r r ie d  out experim ental resea rch es  
on th e  compensatory enlargem ent of th e  su rv iv in g  k id n e y /
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kidney  a f t e r  nephrectomy in  a lb in o  r a ts  and found th a t  
th e  in c re a se  in  re n a l mass was a t t r ib u te d  to  hypertrophy 
and h y p e rp la s ia  of th e  tu b u le s  and t h e i r  ep ithe lium , bu t 
no t to  in c re a se ^ in  th e  number of glom eruli* Jackson and 
S h ie ls  (1927/28) confirmed th e se  fin d in g s  and made d e ta i le d  
o b servations o f th e  r a te  a t  which th e  compensatory 
hypertrophy took p la c e . They have s ta te d  th a t  th i s  i s  
much g re a te r  when nephrectomy has occurred in  young r a t s  
( f i r s t  month) than  in  ado lescen t or mature an im als.
They a lso  s ta t e  th a t  th e re  was no evidence of pseudo­
hypertrophy due to  re n a l congestion .
Moore (1929) found th a t  th e re  was no in c re a se  in  
th e  number of g lom eruli in  th e  k idney of th e  a d u lt w hite r a t  
which had had nephrectomy in  e a r ly  l i f e .  He follow ed th i s  
w ith  a fu r th e r  paper in  1930 in  which he rep o rted  an 
in te r e s t in g  case in  which th e re  had been hem i-hypertrophy. 
H e'took th e  o p p ortun ity  to  study in  d e ta i l  th e  two k idneys. 
He found th a t  each kidney contained e s s e n t ia l ly  th e  same 
number of g lom eru li in  s p ite  of th e  n o tab le  d iffe re n c e  
in  th e  s iz e  and weight of th e  two organs.
R ollason (1949) in  h is  paper on th e  ro le  of c e l l u la r  
h y p e rp la s ia  in  th e  compensatory hypertrophy of th e  k id n e y /
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kidney of th e  young r a t  concluded th a t  th e  hypertrophy 
began im m ediately a f t e r  th e  recovery  from th e  o p era tio n  
and had reached i t s  maximum w ith in  tw enty days. He 
found th a t  both co rtex  and m edulla increased  in  s iz e .
The tu b u le s  became enlarged w ith in  twenty fo u r hours as a 
r e s u l t  of hypertrophy occurring  in  th e  c e l l s  w h ils t 
in c re a se  in  th i s  m ito tic  f ig u re  was p re sen t w ith in  fo u r to  
e ig h t hours in  most o f th e  tu b u le s .
S aphir (1927) mentioned th a t  th e  glom eruli became 
enlarged  in  r a t s  and a lso  in  ra b b itd  p r im a rily  because th e  
cap su la r c e l l s  in c reased . Sulk in  (194-9) a lso  s tu d ied  th e  
c y to lo g ic a l a l te r a t io n s  which took p lace  a f t e r  o p era tio n  
and found th a t  m ito s is  was most a c tiv e  between th e  th i r d  and 
te n th  days. Malm (194-9) desc rib ed  a s e r ie s  of s tu d ie s  
which re fe r re d  to  th e  recovery of ren a l fu n c tio n  a f t e r  
nephrectomy fo r  re n a l tu b e rc u lo s is . Malm found th a t  on 
th e  tw enty s ix th  day a f t e r  nephrectomy th e re  had been 
co n sid erab le  recovery  of fu n c tio n  in  th e  rem aining k idney .
I  have n o t been ab le  to  fin d  a re p o r t of hypertrophy 
of th e  rem aining kidney fo llow ing  nephrectom y,for u n i la te r a l  
re n a l tu b e rc u lo s is , in  man. A ll th e  evidence quoted above 
has been from th e  r e s u l ts  of experim ental s tu d ie s  m a in ly /
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mail'lly in  th e  a lb in o  r a t .
Another a sp ec t of th e  experim ental study in  t h i s  
problem has been the  assessm ent of th e  e ffe c tiv e n e ss  of 
d i e t .  • h igh  p ro te in  d ie t  has been found to  a c c e le ra te  
hypertrophy and cause a g re a te r  in c rease  in  th e  mass of 
re n a l t i s s u e .  McKay e t  a l  (1938), Smith, A.H. and Moise 
( l9 2 r?) have commented on th e  e ffe c tiv e n e ss  of d ie t  in  th e  
achievement of hypertrophy of th e  su rv iv ing  kidney in  
an im als. No sp e c ia l arrangement was made to  ensure th a t  
th e  p a t ie n ts  in  my s e r ie s  had a p a r t ic u la r ly  enriched  d ie t  
in  so f a r  as p ro te in  was concerned. The d ie t  wan arranged 
to  p rovide s u f f ic ie n t  n u tr i t io n  f o r  th e  p a t ie n t s 1 g enera l 
needs and n o t p a r t ic u la r ly  to  encourage hypertrophy of th e  
rem aining kidney.
The EPF r e s u l t s  have been arranged in  descending o rd er 
according to  t h e i r  p re -o p e ra tiv e  va lue , f i g .  4S and although 
an a r b i t r a r y  arrangement s im ila r  to  th a t  which has been 
made f o r  Tmp^jj would r e s u l t  in  a  su ita b le  d iv is io n  in to  
iso groups s-
(1) above 50 p e r cen t of average normal va lue
(2) below 50 p e r cen t of average normal va lue  
no advantage would be achieved.
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The GFR r e s u l t s  have s im ila r ly  been arranged in  
descending order according to  t h e i r  p re -o p e ra tiv e  v a lu e , 
f i g .  49 and th e  same comment ap p lie s  to  th i s  ta b le .
A d iv is io n  in to  two groups could be made bu t once 
again  th e  in fo rm ation  gained would not be of any fu r th e r  
advantage.
The th re e  p r in c ip a l groups have been in te r - r e la te d  
as fo llow s
(1) GFR and EPF have been arranged in  
ta b u la r  form according to  th e  descending 
o rder o f th e  p re -o p e ra tiv e  value  of Tmp j^j 
F ig . 45.
(2) GFR and Tmp^ have been arranged in  
ta b u la r  form according to  th e  descending 
order of th e  p re -o p e ra tiv e  va lue  of RPF.
F ig . 50.
(3) RPF and Tnip^ have been arranged in  
ta b u la r  form according to  th e  descending  ^
o rder of th e  p re -o p e ra tiv e  value  of GFR.
F ig . 51.
In  group (2) th e  c lo se s t  p a i r  of c o r re la tio n s  a re  
g iven . This suggests th a t  lo s s  of tu b u le s  and g lo m e ru li/
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g lom eru li i s  much more dependent on dim inished H ood supply  
than  i s  th e  lo s s  of g lom eruli and dim inished blood supply 
w ith  d e s tru c tio n  of tu b u les  or lo s s  of tu b u le s . I t  thus 
appears th a t  th e  dim inished blood supply r e s u l ts  in  th e  
d e s tru c tio n  of g lom eru li, in d ic a tin g  th a t  in tim a l 
p r o l i f e r a t io n  of th e  a r te r io le s  i s  th e  most im portan t 
change in  re n a l tu b e rc u lo s is .
In  o rd er to  confirm  s t a t i s t i c a l l y  th e  c o rre la tio n s
of
(1) RPF
(2) T m p w i t h  GFR
(3) UCT w ith TnrpiH
U ) UCT w ith GFR
(5) RPF w ith  GFR
ta b le s  have been prepared  and a re  p resen ted  in  Volume I I  
as f ig s .  53 -  57.
The c o r re la t io n  c o -e f f ic ie n t  obtained w ith  RPF and GFR 
i s  + 0.79 in d ic a tin g  th a t  th e re  i s  s t a t i s t i c a l  s ig n if ic a n c e  
in  th i s  re la t io n s h ip .  The re g re ss io n  equation  fo r  RPF
and GFR has a lso  been derived  and i s  x. = 5*4-0 ( f  -  73*0) + 374
where x  i s  RPF and y  i s  GFR. This curve i s  shown in  f i g .  51-
and f i t s  v e ry  w ell w ith  th e  p lo tte d  r e s u l t s .
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I t  i s  suggested th a t  th e  c lo se  re la t io n s h ip  
between RPF and GFR in  re n a l tu b e rc u lo s is  i s  due to  th e  
p a th o lo g ic a l e f f e c t  of th e  d isea se  on th e  a r te r io le s  
which become th e  s e a t  of e n d a r te r i t i s  -  f ig s .  94- and 95*
As a r e s u l t  of th e  in tim a l p ro l i f e r a t io n  the  lumina of 
th e  v e sse ls  a re  narrowed and the  blood flow  through th e  
g lom eru li i s  dim inished. As a fu r th e r  consequence of 
th e  lowered ih tr a -g lo n e ru la r  blood p re ssu re  th e  glom erular 
f i l t r a t i o n  r a te  decreases in  p ro p o rtio n  to  the  f a l l  in  
blood, supply.
That th e  tu b u la r  fu n c tio n  i s  le s s  d i r e c t ly  r e la te d  
to  blood flow  suggests th a t  th e re  a re  co n sid erab le  
re se rv e s  of oxygen carry in g  cap ac ity  to  compensate th e  lo s s  
in  t o t a l  blood supply, thus tu b u la r  fu n c tio n  d im inishes 
w ith  blood supply bu t i s  n o t q u ite  so d i r e c t ly  dependent 
as i s  th e  f i l t r a t i o n  r a te .
The s l ig h t  d i la ta t io n  of th e  a f fe re n t  a r te r io le  
combined w ith  s l ig h t  c o n s tr ic t io n  of th e  e f fe re n t  a r t e r io le  
w all in c re a se  th e  f i l t r a t i o n  f r a c t io n  and thus compensate 
in  th e  same degree f o r  th e  red u c tio n  of blood flow .
N ineteen p a t ie n ts  had in tim a l p r o l i f e r a t io n  o f th e  
sm aller a r t e r io le s  amountig  to  e n d a r te r i t i s .  In  t h r e e /
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th re e  p a t ie n ts  no evidence of th i s  was seen in  th e  s e c tio n s  
examined.
In  regard  to  th e  c o r re la t io n  c o e f f ic ie n t  obtained  
between UCT and GFR which was 0 .80 , f i g . 56 and between 
UCT and which was 0 .32 , f i g .  55 i t  i s  ev iden t, as i s
to  be expected, th a t  th e re  i s  a c lo se r  c o r re la t io n  between 
th e  two f i l t r a t i o n  f a c to r s ,  UCT and GFR, than  th e re  i s  
between UCT and Tmp^q. The u rea  i s  f i l t e r e d  by th e  g lom eruli 
bu t some of i t  i s  reabsorbed on i t s  passage through th e  
tu b u le s . :
The re g re ss io n  equation  has been prepared  from th e  
UCT and GFR f ig u re s  which i s  x  = 0 .66  (y -  7 6 ) + 56 where 
x  i s  UCT and y i s  GFR. The curve of th i s  equation , as seen 
in  f i g .  58, f i t s  in  s a t i s f a c to r i l y  w ith  th e  a c tu a l p lo tte d  
r e s u l t s .
Perhaps th e  most s ig n if ic a n t  f ig u re s  a re  found in  
f i g .  46 in  which th e  derived  v a lues i . e .  f r a c t io n a l  f ig u re s ,  
(FF) RPF/Cnip
to  th e  p re -o p e ra tiv e  descending value of T'mp^* In  prim ary 
re n a l d isea se  th e re  i s ,  as a r u le ,  v a s o -d ila ta t io n  of th e  
p o s t g lom erular a r te r io le s  low ering  th e  e f fe c t iv e  g lom erular 
f i l t r a t i o n  and thus producing a low f i l t r a t i o n  f r a c t io iu  I n /
and GFR/rmp^H have a lso  been arranged according
In  h y p ertension , on th e  o th e r hand, th e re  i s  p e r ip h e ra l 
v a so -c o n s tr ic tio n  a f fe c t in g , in  th e  kidney, th e  p o s t-g lo m eru la r 
a r te r io le s  thus r a is in g  th e  e f fe c t iv e  glom erular p re ssu re  and 
producing a h igh  f i l t r a t i o n  f r a c t io n .
The f i l t r a t i o n  f r a c t io n  i s  th e  f r a c t io n  of th e  blood 
plasm a th a t  i s  f i l t e r e d  in  th e  glom eruli and passes from 
th e  c a p i l l a r ie s  in to  the  glom erular capsu le . I t  i s  
p r in c ip a l ly  dependent on th e  h y d ro s ta tic  f i l t r a t i o n  p re ssu re  
which in  tu rn  i s  c o n tro lle d  b y :-
(1) p re -g lom eru lar vasospasm, i . e .  in c reased  
re s is ta n c e  to  th e  flow  of blood befo re  i t  
e n te rs  th e  glom erulus.
(2) p o s t glom erular v a s o -d i la ta t io n , i . e .  d im inished 
r e s is ta n c e  to  th e  outflow  of blood from th e  
glom erulus.
re p re se n ts  r e la t iv e  p ro p o rtio n s  of plasma 
flow  and tu b u la r  fu n c tio n . I f  i t  i s  h igh  th e re  i s  hyperaemia 
of rem aining fu n c tio n a l re n a l tu b u le s . I f  i t  i s  low th e re  i s  
ischaem ia of th e  rem aining fu n c tio n a l tu b u le s .
G F R /C m p re p re se n ts  th e  amount of glom erular f i l t r a t e  
th a t  i s  acted  on by each u n i t  of fu n c tio n a l re n a l t i s s u e .  I f  
h igh  th e  tu b u le s  are  being r e la t iv e ly  overloaded, and i f  low, /
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low, th ey  have to  e lab o ra te  le s s  than, t h e i r  optimum amount 
of u r in e .
I t  can be seen th a t  th e re  a re  two genera l p a t te rn s
f i l t r a t i o n  f r a c t io n  and a lowered HPF/Cmp^. I l l u s t r a t i v e  
of th e  f i r s t  group i s  JP, f i g  46, who p re -o p e ra tiv e ly  had a 
f i l t r a t i o n  f r a c t io n  of 0.157 (SO p e r cen t of average normal) 
and KPF/Tmp^jj of 10.68(134 p e r cen t of average normal) 
which would suggest th a t  th e re  i s  a sim ple prim ary re n a l 
d is e a s e . P o s t-o p e ra tiv e ly  th e  f i l t r a t i o n  f r a c t io n  had f a l le n  
s t i l l  f u r th e r  to  0.137 (70 p e r cen t of average normal) 
w h ils t  th e  RPF/Tmp^H re p a irs  such th e  same a t  10.40 (131 p e r  
cen t of average norm al). In  sine months however th e  f i l t r a t i o n  
f r a c t io n  i s  ra is e d  to  0.198 (100 per cen t of average normal) 
and th e  KPF/Tmpj^j in creased  to  13.20 (167 p e r cen t of average 
normal) showing an a l te r a t io n  from th e  prim ary re n a l d isea se  
p a t te rn  to  a p a t te rn  which i s  midway between prim ary re n a l 
d isea se  and hypertensive  n e p h ro sc le ro s is .
of re n a l fu n c tio n  in  the  p re sen t s e r ie s
1 . prim ary re n a l d isea se  and
2 . h y p ertensive  n ep h ro sc le ro s is
In  ( l )  th e  f i l t r a t i o n  f r a c t io n  was low w hile th e
was s l ig h t ly  ra is e d . I 11 (2) th e re  was a  high
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From th e  c l in i c a l  f in d in g s  th e re  has been no apparen t 
a l t e r a t io n  in  th e  blood p re ssu re . F ig .98 shows th a t  JP 
whose blood p re ssu re  was 128/86 p r io r  to  nephrectomy had a 
read ing  df 130/80 s ix  months a f t e r  o p era tio n .
As an example of th e  second type of fu n c tio n a l 
p a t te rn  M? had an e leva ted  f i l t r a t i o n  f r a c t io n  a t  0.233 (118 
p e r  cen t of average normal) p re-op  e r  a t  iv e ly  and a lowered 
RPF/Tmpj^j of 3»70 (-47 p e r cen t of average norm al). One 
week a f t e r  op era tio n  th e re  i s  n o t very  much a l te r a t io n  in  
e i th e r  of th e se  f r a c t io n s  although th e  RPF/Tmp^ va lue  has 
been e lev a ted  s l ig h t ly  to  5.33 (66 p e r cen t of average normal) 
which remains low er than th e  average normal f ig u re  of 7 .92 .
The s ix  months p o s t o p era tive  values of 0.296 (133 p e r cen t 
of average normal) fo r  FF and 4»33 (62  p e r  cen t of average 
normal) fo r  RPF/Cmp^jj confirm  th e  continued hypertensive  
n e p h ro sc le ro tic  p a t te rn  seen in  th e  derived  f ig u re s  in  
th i s  p a tie n t* s  case . Reference to  f i g .  4-2 shows th a t  MP had 
a p re -o p e ra tiv e  blood p re ssu re  of l 60/ l 00 although in  s ix  months 
tim e t h i s  had dropped to  128/34-. I t  had become somewhat 
e lev a ted  to  170/106 a f t e r  fo u r  y ea rs . F ig .98.
An attem pt has been made to  arrange th e  mean va lues 
of th e  derived  f ig u re s  in  groups. The arrangem ent shows /
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shows th e  g en era l p a t te rn  in  p a tie n ts  who have a 
v a lue
(1) g re a te r  than 75 p er cen t
(2) between 50 and 75 p e r cen t
(3) le s s  than 50 p e r cent
I t  i s  seen th a t  in  th e  p re -o p e ra tiv e  phase in  th e  
m ild group th e  values fo r  a l l  th re e  f r a c t io n s  a re  le s s  
than  norm al, th a t  i s  th e  simple prim ary re n a l d isea se  
p a t te rn  whereas six: months a f t e r  op era tio n  th e re  has been 
an a l t e r a t io n  to  th e  hypertensive  p a t te rn . In  th e  severe 
group th e  i n i t i a l  p a t te rn  resem bles th a t  of hypertension  -  
h igh  f i l t r a t i o n  f r a c t io n  and lowered RPF/Tmp^. and s ix  months
a f t e r  o p era tio n  th i s  has been fu r th e r  in te n s i f ie d .  I t  i s
in te r e s t in g  to  no te  th a t  th e  o ld e r p a t ie n ts  tend  to  be
in  th e  l a t t e r  group w ith  th e  most severe le s io n s .
The derived  f r a c t io n  GFR/CmpAH i s  c lo se ly  a l l ie d  
to  th a t  of HPF/Emp^, the  in form ation  which i s  given by 




Twenty two kidneys were examined which had been 
s u rg ic a l ly  removed from p a tie n ts  who were considered 
c l i n i c a l l y  to  be su ffe rin g  from ren a l tu b e rc u lo s is . There 
were eleven  r ig h t  kidneys and eleven l e f t  kidneys and 
o f th e se  specimens twelve (55 p er cen t) were obtained from 
males and te n  (45 per cen t) from fem ales.
BACTERIOLOGY.
I s o la t io n  of the  cau sa tiv e  organisms i s  necessary  
to  confirm  a d iag n o sis  of tu b e rc u lo s is . The Koch*s b a c i l lu s ,  
which i s  an acid  and alcohol f a s t  organism i s  sometimes 
d i f f i c u l t  to  i s o la te  but i f  th e  s a t i s f a c to ry  ro u tin e  of 
b a c te r io lo g ic a l  search  i s  p ra c tis e d  and c u ltu re  and b io lo g ic a l 
techniques c a re fu l ly  employed th e  r e s u l ts  should be a p p ro p ria te ly  
su c c e ss fu l. In  th i s  s e r ie s  d i r e c t  exam inations were c a r r ie d  
out a t  Stonehouse and Hairmyres H o sp ita ls . The p a t ie n ts  who 
were seen a t  Stonehouse H osp ita l had the  d i r e c t  exam ination 
c a r r ie d  out in  th e  la b o ra to ry  a t  the  h o sp ita l  whereas those  
seen a t  Hairmyres H osp ita l had th e i r  exam ination c a r r ie d  out 
a t  th e  la b o ra to ry  a t  Hairmyres H o sp ita l. C I t u r e s  and an im a l/
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animal in o c u la tio n s  were c a r r ie d  out from both  h o s p ita ls  a t  
th e  C en tra l L aboratory , Ham ilton.
The presence of u lc e ra t iv e  le s io n s  in  th e  p e lv is  
o r abscesses i a  th e  co rtex  or m edulla, which have d i r e c t  
access to  th e  re n a l p e lv is ,seem  to  be the  determ ining 
f a c to r s  in  the  p roduction  of tubercu lous b a c i l lu r ia .
Repeated and d e ta i le d  exam ination of th e  u rin e  obtained 
c a su a lly  and in  24 hour c o lle c tio n s  was c a r r ie d  out in  
every case . Out of 116 u rin e s  from twenty p a t ie n ts  
who were examined b a c te r io lo g ic a l ly , 54 were p o s it iv e  
and 62 neg ativ e  fo r  tu b e rc u lo s is . In  two p a t ie n ts ,  A.Bk. 
and J .K . , no tu b e rc le  b a c i l l i  were d iscovered  by any of 
th e  methods mentioned. In  J.M. f iv e  specimens of u rin e  
were examined p re -o p e ra tiv e ly  w h ils t in  A.Bk. f iv e  
were examined.
The f ig u re s  j u s t  mentioned include" th e  t o t a l  r e s u l t s  
from th e  d i f f e r e n t  methods of b a c te r io lo g ic a l exam ination 
of u r in e , d i r e c t  exam ination, c u ltu re  and animal in o c u la tio n . 
Dr. Gow Brown o f th e  C en tral Laboratory, Hamilton, c a r r ie d  out 
typ ing  of some of th e  specimens and found them to  be of th e  
human v a r ie ty .  In  th e  p o s t-o p e ra tiv e  phase f iv e  specimens 
of u rin e  contained tu b e rc le  b a c i l l i ,  th re e  of th ese  were fro m /
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from one p a t ie n t ,  A.Bt, who, 011 cystoscopic exam ination 
was seen to  have p e r s is te n t  chronic c y s t i t i s .  A second 
p a t ie n t ,  M.M. a lso  had a sm all a rea  of p e r s is te n t  tubercu lous 
c y s t i t i s  ;:and from h e r, on two occasions p o s t-o p e ra tiv e ly , 
u r in e  was found to  con tain  tu b e rc le  b a c i l l i .  Another 
th re e  of th e  rem aining tw enty p a tie n ts  were found to  have 
secondary u r in a ry  in fe c tio n  a f t e r  o p era tio n . In  those  
th re e  p a t ie n ts  a co liform  p y e lo n ep h ritis  was p re sen t which 
responded to  tre a tm e n t.
A ll th e  kidneys removed a t  o p era tion  underwent a 
s im ila r  exam ination. They were b isec te d  s a g i t t a l l y , ' 
one h a lf  was re ta in e d  fo r  photography w hile from th e  o th e r 
h a l f ,  b locks were taken  fo r  h is to lo g ic a l  exam ination. The 
rem ainder of th i s  t i s s u e  was d ig ested  and concen tra ted .
I t  was then  examined m icroscop ica lly  and c u l tu ra l ly  fo r  
tu b e rc le  b a c i l l i .  Krom fourteen o f th e  kidneys acid  and 
a lcoho l f a s t  b a c i l l i  were found on d i r e c t  f ilm  and fo u r on 
c u l tu re .  The rem aining e ig h t were negative  on co n cen tra tio n  
and on c u ltu re . I t  i s  po in ted  out th a t  repeated  exam ination 
of u r in e  may o ften  be necessary  in  order th a t  th e  cau sa tiv e  
organisms can be id e n t i f ie d  w ith c e r ta in ty  and thus e f f e c t iv e ly  
e s ta b l is h  th e  b a c te r io lo g ic a l d iag n o sis  of tu b e rc u lo s is .
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MACROSCOPIC APPEARANCES.
Examinations of the  kidneys obtained a t  o p e ra tio n  
included a l in e a r  measurement of th e  specimen to g e th e r  w ith  
i t s  w eight; th e  le n g th  of th e  u r e te r  a ttach ed  was a lso  
no ted . Photographs of most of th e  kidneys a re  shown in  
Volume I I ,  f i g s .  60 -  86.
A fte r th e  kidney has been b isec ted  s a g i t t a l l y  th e  
d e ta i l  of th e  macrospopic appearance of th e  p e lv is ,  m edulla 
and c o rte x  i s  noted , the  presence of tubercu lous abscesses 
d e ta i le d , and, as mentioned a lread y , smears obtained  of 
any p u ru le n t m a te ria l p re se n t. A b r ie f  note i s  now given 
of th e  kidneys which are  i l l u s t r a t e d  in  Volume I I .  A ll 
th e  kidneys photographed a re  a c tu a l s iz e  except f ig s .  74 and 
75 which a re  4 /5 th s  of l i f e  s iz e .
F ig s . 60 -  61. A.Bk. The su rface  of th e  kidney i s  
lo b u la te d  and th e re  a re  f iv e  la rg e  abscesses on th e  cu t su rfa ce . 
U rine c u ltu re  was no t p o s i t iv e  but was n eg ative  on e ig h t 
occasions.
F ig . 62. A .Bt. This i s  a sm all kidney which had 
f o e ta l  lo b u la tio n  on i t s  su rfa ce . The cu t s e c tio n  revealed  
a d i la te d  p e lv is  which was l in e d  by g ran u la tio n  t i s s u e .
M ultip le  tu b e rc le s  a re  s c a tte re d  throughout th e  m ed u lla /
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m edulla and. co rtex ; a  few fo c i  a re  caseous. Urine 
c u ltu re  was p o s i t iv e  on two occasions and neg ativ e  on 
two occasions.
F ig .63 . T.B. This was a m oderately la rg e  kidney 
on th e  su rface  of which th e re  was evidence of abscess 
fo rm ation . On cu t su rface  a la rg e  lo b u la ted  abscess i s  
p re se n t in  th e  mid zone of th e  kidney. . The low er 
calyces a re  d i la te d ;  g ran u la tio n  t i s s u e  i s  seen on th e  
mucosal su rface  of th e  calyces of the  lower p o le . Urine 
c u ltu re  was p o s i t iv e  on two occasions and n eg ative  on 
two occasions.
F ig s . 64 -  65 . V.B. The su rface  contour shows
gross fo e ta l  lo b u la tio n . On cu t su rface  th e  k idney i s  a 
bag o f caseous pus. There i s  a  sm all amount of r e la t iv e ly
normal t i s s u e  p re sen t in  th e  upper p o le . Urine c u ltu re  was
p o s i t iv e  on one occasion and negative  on one occasion .
F ig . 66. K.B. The contour of the  kidney i s  normal.
On cu t s e c tio n  th e  prim ary calyces and p e lv is  a re  d i la te d .
A tubercu lous c a v ity  i s  seen in  th e  mid zone. P e te c h ia l 
haemorrhages a re  seen in  th e  p e lv ic  mucosa. Urine c u ltu re  
was p o s i t iv e  on two occasions and negative  on two occasions.
F ig s . 67 -  6&. A.C. The contour of th i s  k id n e y /
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kidney  i s  normal bu t th e  su rface  i s  i r r e g u la r ly  lo b u la te d .
No sc a rr in g  or abscess form ation i s  seen . On cu t su rface  
th e re  i s
however, t a t  co alesc in g  tu b e rc u lo s is  confined to  th e  m edulla. 
There i s  no ca se a tio n . Urine c u ltu re  was p o s it iv e  on two 
occasions and n eg ative  on two occasions.
F ig s . 69 -  70 . A.F. This i s  a very  la rg e  
lobulsfced kidney o f ra th e r  c y s t ic  appearance. There i s  
co n sid erab le  th icken ing  of th e  u re te r .  O11 cu t su rface  
th e re  i s  g ross hydronephrosis w ith  d is te n s io n ' o f the  
p e lv is  prim ary and secondary ca ly ces. Urine c u ltu re  was 
p o s i t iv e  on two occasions and negative  on one occasion .
F ig s . 71 -  72. K.F. This kidney i s  of normal 
s iz e  and contour bu t on cu t su rface  th e re  i s  g ross d i la ta t io n  
of th e  prim ary and secondary ca ly ces. Abscess c a v i t ie s  are  
seen in  th e  low er p o le . The p e lv ic  f a t  i s  in c reased . The 
u re te r  i s  n o t unduly th ickened . Urine c u ltu re  was p o s i t iv e  
on one occasion and negative  on f iv e  occasions.
F ig s . 73 -  74- ,K.K. Several sm all re te n tio n  c y s ts  
a re  seen on th e  su rface  of th e  kidney, which, on cu t su rface , 
re v e a ls  th a t  they  are  confined to  the  c o rtex . Numerous 
tu bercu lous c a v i t ie s  a re  p re se n t, p a r t ic u la r ly  a t  th e  p o le s .
The ad jacen t calyces show some mucosal u lc e r a t io n . ' The p e lv ic /
p e lv ic  f a t  i s  in c reased . There i s  no th ick en in g  of th e  
u r e te r .  Urine c u ltu re  was p o s i t iv e  on two occasions and 
n eg a tiv e  on one occasion.
F ig . 75. IH.McL. This i s  a la rg e  lo b u la te d  kidney 
w ith  a smooth su rface  con tain ing  tu b e rc le s  up to  8 mm. in  
d iam eter. On cu t su rface  th e  p e lv is  and a l l  th e  calyces 
a re  g ro ss ly  d i la te d  being f i l l e d  w ith caseous pus.
M ultip le  sm all tu b e rc le s  a re  sc a tte re d  in  groups throughout 
both  co rtex  and m edulla. The u re te r  i s  somewhat th ickened . 
Urine c u ltu re  was p o s it iv e  on two occasions and was no t 
n e g a tiv e .
F ig s . 76 -  77. J.McA. The kidney i s  of normal 
con tour. There i s  some in c rease  in  p e lv ic  f a t .  On cu t 
su rface  th e  p e lv is ,  prim ary and secondary calyces a re  d i la te d ,  
being f i l l e d  w ith  caseous pus. Small tu b e rc le s  a re  seen 
in  groups in  both  m edulla / and co rtex . Urine c u ltu re  was 
p o s i t iv e  on two occasions and was n o t found n eg a tiv e .
F ig . 78 . D.O!R. This i s  a k idney  of normal shape 
and s iz e  which on cu t s e c tio n  rev ea ls  d i la te d  p e lv is ,  p rim aiy  
and secondary ca ly ces. M u ltip le  tu b e rc le s  a re  p re sen t 
on th e  mucosal su rface  of th e  upper c a ly c e s . The u re te r  i s  
n o t th ickened . Urine c u ltu re  was p o s it iv e  on one occasion an d /
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and n eg a tiv e  on two occasions.
F ig . 79* H.P. The kidney appears to  be normal b u t
on cu t su rface  th e re  a re  two sm all a reas  of f ib r o s i s  to g e th e r
in  a  pyramid o n 'th e  lower p o le . The mucosa of th e  p e lv is  
i s  u lc e ra te d  and shows p e te c h ia l haemorrhages. The u re te r  
i s  normal. Urine c u ltu re  was p o s i t iv e  on one occasion and 
n eg a tiv e  on one occasion*'
F ig s . SO -  S i .  J .P .  This i s  a normal shaped kidney 
w ith  two groups of tu b e rc l s seen a t  th e  upper po le  and 
ano ther la r g e r  group p resen t in  th e  mid zone. On cu t su rface  
th e  p e lv is  i s  s l ig h t ly  d i la te d  but no u lc e ra t io n  of th e  
mucosa i s  ev id en t. There a re  t in y  coalesc ing  tu b e rc le s  
underly ing  th e  s u p e r f ic ia l  le s io n .  Urine c u ltu re  was 
p o s i t iv e  on one occasion and negative  on one occasion.
F ig s . S2 -  S3. U.S. This i s  a sm all k idney of
normal shape w ith  a f in e ly  g ran u la r su rface  and a few 
depressed  s c a rs . On cu t su rface  the p e lv is  i s  s l ig h t ly  
d i la te d  bu t th e  prim ary and secondary calyces a re  more d i la te d .  
In  th e  upper po le  th e re  a re  la rg e  numbers of sm all abscesses in  
th e  pyramids and in  th e  c o rtex . The serous su rface  of th e  
p e lv is  and u r e te r  a re  covered w ith  pu n c ta te  haemorrhages.
Urine c u ltu re  was p o s it iv e  on th re e  ocasions and n e g a tiv e /
90
n eg a tiv e  on one occasion.
F ig s . 84  -  85. A.T. The kidney i s  sm all b a t 
■unusually th ic k  w ith  some f o e ta l  lo b u la tio n . Depressed 
sca rs  a re  p re sen t bu t no ab scesses . On cu t sec tio n  
th e re  i s  g ross d i la ta t io n  of the  prim ary and secondary 
calyces which contained caseous pus. The co rtex  i s  
reduced to  a narrow rim. Innumerable pu n c ta te  haemorrhages 
a re  seen . The u re te r  i s  th ickened . Urine c u ltu re  was p o s i t iv e  
on fo u r occasions and was no t found n eg a tiv e .
F ig . 86. R .I . This i s  a sm all k idney w ith  two 
is o la te d  la rg e  abscesses v is ib le  on th e  a n te r io r  su rface  
n ear th e  low er po le  and in  th e  middle of the  p o s te r io r  su rface . 
On cu t s e c tio n  hydronephrosis i s  p re se n t. A ll th e  calyces 
a?e d i la te d .  They are  lin e d  w ith  tubercu lous g ran u la tio n  
t i s s u e  co n ta in in g  caseous m a te r ia l. The u re te r  i s  s l ig h t ly  
th ickened . Urine c u ltu re  was p o s it iv e  on two occasions and 
was n o t found n e g a tiv e .
Seventeen p a t ie n ts  (77 p e r cen t) have evidence of 
tubercu lous g ra n u la tio n  in  th e  mucosa of the  re n a l p e lv is .
In  th e  two p a t ie n ts ,  U.K. and A. Ho. in  whom no tu b e rc le  b a c i l l i  
were found on c u ltu re , tubercu lous le s io n s  were w a lle d ,o f f .
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I t  i s  ev iden t from th e  se le c tio n  of kidneys seen 
th a t  th e  outward appearance gives no in d ic a tio n  of the  ex ten t 
of th e  le s io n  w ith in  the  kidney substance. I t  i s ,  however, 
ev id en t th a t  th e  ex ten t of th e  tuberculous process h is to lo g ic a l ly  
cannot be f u l l y  gauged from th e  macroscopic f in d in g s  alone.
In  th e  nex t sec tio n  a d e sc r ip tio n  i s  given 
of th e  h is to lo g ic a l  appearances which are  seen in  ren a l 
tu b e rc u lo s is  to g e th e r w ith the  r e s u l ts  of modem a n t i -  
tu b ercu lo u s  chemotherapy.
HISTOLOGICAL APPEARANCES.
A few re p re se n ta tiv e  photomicrographs a re  included  
in  Volume I I ,  f ig s .  8^ -  99 to  dem onstrate th e  types of 
le s io n s  which are  p resen t in  ren a l tu b e rc u lo s is . I t  i s  
proposed to  d iscu ss  th e  h is to lo g ic a l  appearances as they  
were a ffe c te d  by th e  various chemotherapies employed.
Streptom ycin and PAS. F irs  S'? -  88.
In  f i g .  87 c h a r a c te r is t ic  tuberculous, p y e l i t i s  i s  
seen in  which casea tin g  tu b e rc le s  are  being w alled o ff  
by re a c tiv e  f ib r o s is  which has been stim u la ted  by 
strep tom ycin  and PAS. The g ia n t c e l l  systems, showing 
m u lti-n u c lea ted  e p ith e lio id  c e l l s  surrounded by lymphocytes, 
a re  seen in  th e  low er p a r t  of the  sec tio n . In  f i g .  8$ a /
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a s e c tio n  of th e  u r e te r  i s  seen. Chemotherapy has caused 
re a c t iv e  f ib r o s is  as a r e s u l t  of which the  tubercu lous 
u r e t e r i t i s  i s  being confined. Tuberculous g ia n t c e l l  
systems =a re  seen in  both th ese  sec tio n s .
Streptom ycin and Iso n ia z id . F igs. 89 .90 .92  and 96.
In  f i g .  89 a la rg e  a rea  of casea tio n  i s  seen surrounded 
by re a c tiv e  f ib r o s is  which i s  a ttem pting to  w all o ff  th e  
tu b ercu lous process and confine i t .  A destroyed glomerulus 
i s  seen in  p a r t  of the  sec tio n . In  f ig .  90 a la rg e r  a rea  of 
c a se a tio n  i s  p re sen t but the re a c tiv e  round c e l l  i n f i l t r a t i o n  
i s  more a c tiv e  than in  th e  p revious sec tio n . In  f i g . 92 
a c tiv e  tu b e rc u lo s is  i s  p re sen t w ith  g ia n t c e l l  systems being 
seen in  th e  low er p a r t  of th e  sec tio n . There i s  a lso  
co n sid e rab le  coalescing  tu b e rc le s  ev iden t. In  ad d itio n
to  t h a t  th e  sec tio n  shows n e p h ro sc le ro s is . A very  a c tiv e
invading type of casea tin g  tu b e rc le s  i s  seen in  f i g .  9& 
w ith  evidence of a c tiv e  round c e l l  i n f i l t r a t i o n  occurring  
in  th e  neighbourhood o f the  casea tin g  tu b e rc le s .
S treptom ycin. Iso n ia z id  and PAS. F ig .91.
In  th i s  f ig u re  th e  sec tio n  rev ea ls  considerab le  re a c tiv e  
f ib r o s i s  tak in g  p lace  in  an a c tiv e  re n a l tu b e rc u lo s is .
M u ltip le  g ia n t c e l l  systems are  seen in  the  cen tre  of the  s e c tio n .
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Iso n ia z id . F ig .97.
The ou tstand ing  fe a tu re  in  th i s  sec tio n , in  which 
m u ltip le  g ia n t c e l l  systems a re  seen, i s  th e  co n sid erab le  
round c e l l  i n f i l t r a t i o n  which i s  tak in g  p lace  to  c o n tro l 
th e  tubercu lous process which i s  very  a c tiv e .
U n trea ted . F ig s . 98 -  99.
As a  means of comparison to  th e  sec tio n s  described  
above, two sec tio n s  are  inc luded , f ig s .  98 and 99# which 
dem onstrate u n trea ted  ren a l tu b e rc u lo s is . The sec tio n s  
show w idespread re n a l tu b e rc u lo s is  w ithout any.evidence 
o f a c tiv e  c o n tro l tak ing  p la c e . There i s  some round c e l l  
i n f i l t r a t i o n  but the  round c e l l  re a c tio n  which i s  p re sen t 
i s  n o t as a c tiv e  as th a t  which i s  seen in  th e  sec tio n s  
desc rib ed  above.
E ffe c ts  o f Renal T ubercu losis .
(a) Healing.. In  f i g .  90 s ta i s f a c to ry  evidence
i s  p re se n t of th e  healing  re a c tio n  produced by th e  streptom ycin 
and is o n ia z id . The confin ing  in flu en ce  of th e  round c e l l  
i n f i l t r a t i o n ,  s tim u la ted  by chemotherapy, i s  ev iden t a lso  
in  f ig s .  89, 9& and 97.
(b) N ep h ro sc le ro sis . In  f ig s .  92 and 93 th e re  a re  
ty p ic a l  signs of n ep h ro sc le ro s is  showing d e s tru c tio n  of /
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of g lom eru li and o th er ren a l elem ents,
( c ) E n d a r te r i t i s , In  f ig s ,  94- and 95 examples a re  
p re sen ted  of sec tio n s  showing c h a r a c te r is t ic  in tim a l 
p r o l i f e r a t io n  occurring  in  ren a l tu b e rc u lo s is , a  fe a tu re  
which has a lread y  been mentioned in  chap ter V III and which 
was confirmed on review of the  h is to lo g ic a l  se c tio n s .
LARGE KIDNEY SECTIONS.
In  Volume I I ,  as specimens 1 - 5  th e re  a re  p resen ted  
whole kidney sec tio n s  from p a tie n ts  who are  known to  have 
had tu b e rc u lo s is  of th e  kidney. The method of 
p re p a ra tio n  of th ese  sec tio n s  i s  given as an appendix to  
th i s  ch ap te r.
Specimen 1 . J.kcA . The kidney, which i s  o f normal,
con tour, re v e a ls  s c a tte re d  tu b e rc le s  of sm all s iz e  throughout 
th e  m edulla. There a re  very  sm all tu b e rc le s  a lso  seen in  
groups in  th e  co rtex . There i s  some d i la ta t io n  of th e  
p e lv is  and prim ary and secondary ca lyces. The u re te r  i s  
n o t th ick en ed .
Specimen 2. D.C. The kidney, which shows an 
in d e n ta tio n  in  the  mid zone, shows hydronephrosis w ith 
th re e  abscess c a v it ie s  in  th e  upper p o le . There i s  a lso  
evidence of haemorrhage in  th i s  a rea . In  th e  mid zo n e/
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zone and in  th e  low er po le  th e re  a re  a reas  o f f ib r o s i s .
The u r e te r  appears to  be somewhat d is to r te d .
Specimen 3. R.McN. A s in g le  la rg e  caseous abscess 
con ta in in g  caseous pus i s  occupying th e  re n a l p e lv is .
There i s  a sm all abscess c av ity  in  th e  low er p o le .
There i s  th ick en in g  of the  u re te r .
Specimen A. M.J. A sm all kidney showing in d e n ta tio n  
of th e  su rfa ce . There i s  hydronephrosis of th e  upper po le  
w ith  sm all a reas  of punc ta te  heamorrhage. The u r e te r  appears 
to  be s l ig h t ly  th ickened . This specimen shows healed  re n a l 
tu b e rc u lo s is .
Specimen 5. G.R. In  th i s  kidney th e re  a re  th re e  
abscess c a v i t ie s  w ith an a rea  of f ib ro -c a s e a tio n  in  th e  upper 
p o le . The u r e te r  i s  somewhat th ickened . There a re  a lso  
sm all tu b e rc le s  seen in  th e  low er p o le .
Specimen 1 i s  th a t  of J.McA, whose kidney i s  a lso  
seen as f ig s .  IS , 37, 76 and 77. The o th e r fo u r specimens 
a re  from p a t ie n ts  who were undergoing a fu r th e r  in v e s t ig a t io n  
which i s  being rep o rted  as a sep a ra te  paper. An th e se  
specimens have been included as a p ra c t ic a l  method of 
dem onstrating  th e  le s io n s  in  re n a l tu b e rc u lo s is .
Band (1935) used whole sec tio n s  of kidney to  d em o n stra te /
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dem onstrate th e  presence of m icroscopic b i l a t e r a l  rep e l 
tubercu lous le s io n s  in  kidneys which, on naked eye 
appearance had revealed  no evidence of tu b e rc u lo s is  though 
th e re  had been tubercu lous b a c il lu r ia *
DISCUSSION,
The h is to lo g ic a l  appearanceswhich have been described  
above a re  in d ic a tiv e  of th e  e ffe c tiv en e ss  of the  modem 
method of a n ti- tu b e rc u lo u s  chemotherapy, Dick (1953a) 
desc rib ed  th e  e f fe c ts  of iso n ia z id  when given alone in  
th e  tre a tm e n t.o f  ren a l tu b e rc u lo s is . I t  was found to  cause 
d is in te g ra t io n  of the  e p ith e l io id  c e l l s  and prevented 
development of f ib r o s is  of is o la te d  parenchymatous fe p i th e l io id 1 
le s io n s .  There was some abso rp tion  of re c en t c asea tio n  w ith  
r e -v a s c u la r is a t io n  of a l l  s tages of tubercu lous le s io n s  
in c lu d in g  th e  dense f ib r o s is  which surrounded old le s io n s  and 
furtherm ore prevented  the development of f ib r o s is  in  and 
around new le s io n s .  I t  was s ta te d  a t  th a t  tim e th a t  a com bination 
of v a rio u s  methods of trea tm en t would probably  produce a 
b e t te r  e f f e c t  th an  th a t  produced b ' is o n ia z id  a lone. Dick 
(1953b) d escribed  th e  e f fe c ts  of streptom ycin w ith  and w ithout 
p -a m in o -sa lic y lic  ac id  (PAS) on th e  h is to p a th o lo g ic a l p rocesses 
in  re n a l tu b e rc u lo s is . In  i t  he s ta te d  th a t  tu b e rc u lo u s /
97
tu b ercu lous le s io n s  in  th e  specimens from p a tie n ts  who 
had been t r e a te d  w ith  streptom ycin and PAS showed a g re a te r  
degree of f ib r o s is  than  a f te r  streptom ycin a lone. Also 
in  th i s  paper i t  was suggested th a t  th e  b e s t r e s u l ts  from th e  
h is to lo g ic a l  view point were obtained a f t e r  a double course 
of strep tom ycin  and PAS* The same au thor (Dick, 1954) l a t e r  
compared th e  e f fe c ts  of streptom ycin and PAS w ith  those  of 
strep tom ycin  and iso n ia z id .
The main d iffe ren c e  appeared to  be th a t  iso n ia z id  had 
a  more fundam ental an ti- tu b e rc u lo u s  a c tio n  by which 
e p i th e l io id  c e l l s  rev e rted  to  macrophages, h ig h ly  v a sc u la r  
g ra n u la tio n  t i s s u e  was produced w ithout f ib r o s i s  and h ea lin g  
was more com plete, w ith g re a te r  absorp tion  of n e c ro tic  t i s s u e .  
Dick (1955) i s  of th e  opinion th a t  a combination of drugs, 
in c lu d in g  iso n ia z id  i s  more e f fe c t iv e , as th e  to x ic  fa c to r  
p re se n t i s  d e a l t  w ith  more ex p ed itio u sly  and re a l  hea lin g  
appears to  occur more ra p id ly .
From th e se  papers and the  photom icrographs, f i g s .  87 -  99 
i t  i s  apparent th a t  a s in g le  drug therapy  does not produce 
th e  maximum b e n e f it  bu t ra th e r  c re a te s  a co nd ition  in  which 
th e  metabolism of th e  tu b e rc le  b a c i l l i  i s  so a l te re d  th a t  i t  
develops re s is ta n c e  to  th e  drug which i s  being employed.
From th e  h is to lo g ic a l  appearances i t  would appear 
th a t  th e  b e s t combination would be streptom ycin and 
is o n ia z id . The improvement in  the  p a t ie n ts  t re a te d  in  
t h i s  way would suggest th a t  th e  drugs a re  s y n e rg is tic  in  
a c tio n . Borthwick (1956) in  a review of g e n ito -u rin a ry  
tu b e rc u lo s is  has confirmed th ese  f in d in g s  and has added h is  
opinion th a t  th e  most e f fe c t iv e  combination of a n ti- tu b e rc u lo u s  
chemotherapy i s  obtained w ith  streptom ycin  and iso n ia z id . 
F u r th e r re fe ren ce  to  th i s  aspec t as i t  app lied  in  th i s  
in v e s t ig a t io n  i s  made in  ch ap te r XU*
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APPENDIX
Method fo r  c u ttin g  whole kidney sec tio n s  
employing th e  K.S.E. Large S ection  Microtome.
The kidney specimens are  fix ed  in  fo rm o l-ace ta te  
f o r  two weeks, and then  washed in  running w ater f o r  tw elve 
h o a rs . They are  then tra n s fe r re d  to  a sp e c ia l so lu tio n  
of gum a rab ic  and immersed f o r  twenty fo u r hours.
At th e  end of th is  period  th e  specimens a re  o rie n ta te d  
on th e  o b jec t ta b le  of th e  microtome in  a four, s ided  .wooden 
box, which has s u f f ic ie n t  gum a rab ic  so lu tio n  to  cover them. 
The o b jec t ta b le  i s  p laced in  th e  deep free ze  a t  -20°C fo r  
fo u r  to  s ix  hours, by which tim e th e  gum a rab ic  so lu tio n  
should be fro ze n . The fo u r s id es  of th e  wooden box are  then  
removed and th e  sec tio n s  cu t a t  100 -  150 ^ /th ic k n e s s ..
The sec tio n s  a re  c o lle c te d  in  a f l a t  d ish  in  ta p  w ater 
( i f  sec tio n s  are  ro l le d  up they  should be f la t te n e d  out) and 
th e  w ater changed to  get r id  o f any su rp lus gum a ra b ic . The 
specimen thus obtained i s  p laced f l a t  on a sheet of perspex  
over which has been poured a warm so lu tio n  of 10 p e r cen t 
g e la t in e , th e  whole i s  then covered w ith  a sh ee t of N o.l 
f i l t e r  paper, and arubber r o l l e r  squeegee i s  run over i t  
l i g h t l y  to  squeeze out su rp lus g e la t in e  and a i r  b u b b le s ./
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bubbles. The perspex sh ee t i s  suspended fo r  a few seconds 
to  d ra in , and then  la id  f l a t  u n t i l  th e  gpLatine i s  s e t .
I t  should be hung up a t  room tem perature u n t i l  no damp 
p atches can be seen. The paper w ith  th e  sec tio n  
mounted on i t  i s  peeled  o f f  th e  perspex and examined on an 
illu m in a te d  viewing box.
CHAPTER X
ASSESSMENT OF THE CASE
In  th i s  chap ter an a ttem pt i s  made to  c o r re la te  th e  
e x te n t of th e  damage found on p a th o lo g ic a l exam ination of 
th e  e x tirp a te d  kidney w ith th e
(1) c l in ic a l  fin d in g s
(2) su rg ic a l f in d in g s  and
(3) biochem ical find ings*
CLINICAL FINDINGS,
Routine enquiry  was unrewarding in  th e  estab lishm ent 
o f any p re c ise  symptom which would give an in d ic a tio n  
of th e  p a th o lo g ic a l s ta te  of th e  p a tie n ts*  fu n c tio n a l re n a l 
t i s s u e .  Many p a t ie n ts  when p re sen tin g  t h e i r  symptoms fo r  
th e  f i r s t  tim e appeared to  be very  w e ll. A common com plaint 
given by e igh teen  out of th e  tw enty two p a tie n ts  in v e s tig a te d  
was increased  frequency of m ic tu r it io n  a t  n ig h t and 
o ccas io n a lly  by day. Hour of th ese  p a t ie n ts  were in  th e  
m ild group, s ix  in  th e  moderate group and e ig h t in  the  
severe  group, th e  grouping having been determ ined from th e  
ImpA H  v alues obtained p re -o p e ra tiv e ly  ~ chap ter V II.
The degree of in c reased  frequency was d i f f i c u l t  to  a ssess  
as many p a tie n ts  had been rn s tru c te d  by t h e i r  doc to r t o /
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to  in c re a se  th e  amount of f lu id  taken . This hydrotherapy 
acco rd ing ly  had increased  th e  frequency and volume of 
m ic tu r i t io n . The rem aining fo u r p a t ie n ts ,  one in  th e  m ild 
group, two in  th e  moderate group and one in  th e  severe group, 
d id  no t g ive any h is to ry  re fe ra b le  to  th e  u r in a ry  t r a c t  and 
made no mention of d i f f i c u l ty  in  u r in a tio n  as they  had 
ap p aren tly  become accustomed to  t h e i r  symptoms. On 
q uestion ing  they  adm itted th a t  th ey  had some in c rease  in  th e  
frequency of n o c tu rn a l m ic tu r it io n .
P a in fu l m ic tu r it io n , which was no t expected to  be a 
common com plaint was found in  n ine  p a t ie n ts ,  two in  th e  mild 
group, th re e  in  th e  moderate group and fo u r in  th e  severe 
group. The d y su ria  was norm ally a sso c ia te d  w ith  th e  
commencement and com pletion o f m ic tu r it io n  and was most 
ev id en t in  p a t ie n ts  who had a sm all b ladder c ap ac ity .
There was no suggestion  however th a t  th e  p resence of th i s  
symptom gave any in d ic a tio n  of th e  s e v e r ity  of th e  ren a l 
le s io n  but was more l ik e ly  to  be a sso c ia ted  w ith  th e  presence 
of c y s t i t i s  and u r e t h r i t i s .
Six p a t ie n ts  had backache whbh was found to  vary  somewhat 
in  d e sc r ip tio n . In  f iv e  th e re  was sp e c if ic  re fe ren ce  to  the  
lo in  and in  a l l  of them th e  le s io n  was found on th e  s ide  in  w hich/
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which th e  p a in  had been f e l t .  In  th e  rem aining p a t ie n t ,  
backache was more g en era lised  but ev en tu a lly  a sw elling  
on th e  a ffe c te d  s id e  which, on exam ination by a s p ir a t io n , 
rev ea led " th e  p resence of a c id  and a lcoho l f a s t  b a c i l l i .
Two p a t ie n ts  had no symptoms re fe ra b le  to  the  u r in a ry  
t r a c t  but on ro u tin e  te s t in g  of th e  u rin e , p ro te in  and 
pus were d iscovered . S p e c ia lly  obtained specimens of u rin e  
from th e se  p a t ie n ts  was examined b a c te r io lo g ic a lly  and the  
p resence of acid  and alcohol f a s t  b a c i l l i  determ ined.
The e ry th ro cy te  sedim entation  r a te  was c a r r ie d  out 
re p e a te d ly  in  th e  p a t ie n ts  under review and showed a wide 
v a r ia t io n .  An attem pt has been made to  r e la te  th e  f in d in g s  
to  th e  h is to lo g ic a l  f in d in g s  of the  k idneys obtained a t  
o p e ra tio n . A b r ie f  no te  of some of th e se  p a t ie n ts  i s  given 
to  dem onstrate th e  u se fu lln e s s  of th i s  t e s t  in  th e  assessm ent 
of th e  case . A ll th e  read ings a re  fo r  th e  f i r s t  hour and 
a re  given in  m illim e tre s . The method used was th e  W esterglen 
method. The results have n o t been co rrec ted  fo r  any mild 
a sso c ia te d  anaemia,.
J .P .  who had read ings of 38 run s . and 54- mms. w ith in  a 
few days p r io r  to  o p era tion  had an in c rease  to  76 mms. which 
f e l l  to  70 mm. w ith in  two weeks and finaHy, th e  l a s t  re a d in g /
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read ing  a v a ila b le  f iv e  months a f t e r  nephrectomy was 29 mms.
This p a t ie n t  had an a c tiv e  but very  lo c a l is e d  tu b e rc u lo s is  
of th e  kidney which showed sm all a reas  o f c ase a tio n  which 
were undergoing re -a c t iv e  o rg a n isa tio n . A.Bt. had ESR 
values of 4-0 mml. and 30 mm. p r io r  to  o p era tion  and 
im m ediately a f te r , opera tion  th e  read ing  was 36 mm, ev en tu a lly  
f a l l in g  to  a normal value of 10 mm. fo u r months a f t e r  
o p e ra tio n . This p a t ie n t  had m u ltip le  s c a tte re d  tu b e rc le s  
w ith  a sso c ia ted  casea tio n . Gross i n t e r s t i t i a l  f ib r o s i s  of 
th e  kidney had a lso  occurred. There was casea tin g  tu b e rc u lo s is  
w ith  evidence of o rg an isa tio n  in  th e  t is s u e s  surrounding th e  
a c tiv e  le s io n . A.Bk. had a co n siderab ly  e lev a ted  ESR.value 
of 106 mms. This fe a tu re  p e rs is te d  although improved w ith 
chemotherapy. A fte r o p era tio n  a value of 80 mms. was obtained 
and in  th re e  months time th i s  p a t i e n t ’s ESR re tu rn ed  to  normal. 
The p o s t o p e ra tiv e  e lev a tio n  was a sso c ia te d  w ith  a d ischarg ing  
nephrectomy wound. The kidney contained f iv e  la rg e  caseous 
ab scesses : th e re  was co n sid erab le  f ib r o s i s  and glom erular
s c le ro s is .  This was a caseous kidney which was ’undergoing 
g en era lised  f ib r o s i s .
M.B. had more normal va lues fo r  th i s  t e s t ,  9 mms., 16 mms 
and j u s t  p r io r  to  o p era tion  17 mms. Six weeks a f t e r  o p e ra tio n /
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op era tio n  th e  value had r is e n  to  4-7 mms. s e t t l i n g  in  a fu r th e r  
th re e  months to  19 mms. This p a t ie n t  had a very  e a r ly  
le s io n ,  th e  appearance being th a t  of tubercu lous p y e l i t i s .
This was a hon-caseous le s io n  w ith  evidence o f o rg a n isa tio n  
tak in g  p lace  in  th e  w all of th e  s in g le  tubercu lous c a v ity  
p re se n t. H .F ., p r io r  to  o p era tio n , had read ings of 17 mms. 
and 11 mms. The kidney showed m u ltip le  t in y  tu b e rc le s  w ith  
a sso c ia te d  abscess form ation con tain ing  caseous pus. There 
ims co n siderab le  re -a c t iv e  o rg an isa tio n  ta iling  p la ce . A fte r 
op era tio n  th e  f in d in g s  were 12 mm., 8 mm., and 10 mm., 4- mm. 
and 5 mm. This p a t ie n t  had shown no evidence of the  a c t iv i ty  
o f th e  d isea se  in  the  values obtained f o r  th e  sed im entation  
r a te .  H.KcL. p r io r  to  o p era tio n  had a read ing  of 16 mm. 
H is to lo g ic a lly  he had a w idespread le s io n  w ith  m u ltip le  
casea tin g  ab scesi c a v i t ie s .  , There was some re -a c t iv e  
o rg a n isa tio n  talcing p la ce . The values a f t e r  o p era tio n  were 
12 mm., 8 mm., and 2 mm. In  th i s  p a t ie n t  th e  readings 
d id  no t in d ic a te  th e  ex ten t or type of le s io n  p re s e n t.
D .0!R. befo re  nephrectomy had readings of 2 mm. and 4- mm. 
H is to lo g ic a lly  he had an unusually  widespread tu b e rc u lo s is  
of th e  kidney w ith la rg e  a reas  of ca.sea.tion. The values 
obtained p r io r  to  o p era tion  gave no in d ic a tio n  of th e  /
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th e  s e v e r ity  of th e  kidney lesion*
J.M. had a p re -o p e ra tiv e  read ing  of 13 nans. 
IfL croscopically  th e  appearances were those  of ex tensive  
f ib ro -caseo u s  tu b e rc u lo s is . In  th i s  p a t ie n t  a lso  
th e  near normal value of th e  read ing  gave no h in t  of th e  
s e v e r i ty  o f th e  le s io n . V.B. had a p re -o p e ra tiv e  read ing  
of IS  mm. On exam ination h is to lo g ic a l ly  th e  d iseased  
k idney  was a bag of caseous pus. The read ing  in  th i s  
p a t ie n t  gave no suggestion  of th e  s e v e r ity  of th e  tubercu lous 
p ro cess . The p re -o p e ra tiv e  v a lu eso f k.K. were 37 mm. and 
13 mra. The kidney removed a t  o p era tio n  was th e  s e a t of 
w idespread re n a l tu b e rc u lo s is . There was a sso c ia ted  f ib r o s i s .  
The read ings obtained a f t e r  o p era tio n  were 35 mm., l6  mm.,
12 mm. and 13 mm. In  th i s  p a t ie n t  a lso  th e  p re -o p e ra tiv e  
v a lues gave no in d ic a tio n  of th e  type or s e v e r i ty  of the  
le s io n .
I t  can be seen from a review  of th ese  f ig u re s  and 
th e  h is to lo g ic a l  f in d in g s  s ta te d  b r ie f ly  th a t  th e  sedim entation  
ra te  can no t be employed as a means of a ssess in g  e i th e r  the  
s e v e r i ty  of th e  le s io n  e x is t in g  in  the  d iseased  kidney or th e  
ty p e . In  sev e ra l of the p a t ie n ts  mentioned above, normal 
va lues were obtained and a t  op era tio n  th e  kidneys were fo u n d /
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found to  be sev e re ly  d iseased  w ith  a c tiv e  re n a l tu b e rcu lo sis*
To summarise I  have taken  th e  h ig h e s t ESE recorded in  
each p a t ie n t  p r io r  to  m edical and s u rg ic a l tre a tm en t. The 
mean f o r  t h i s  f ig u re  in  th e  mild group of cases i s  18 mm., 
in  th e  moderate group 23 mm. and in  th e  severe group 41 mm.
Thus i t  i s  'seen th a t  th e  ESR gives l i t t l e  in d ic a tio n  of 
th e  s e v e r i ty  of th e  ren a l le s io n , though th e  h ig h e s t mean 
va lue  was found in  th e  severe group.
A review  of a l l  the  p a tie n ts  from the  h is to ry  view point 
appeared to  g ive a lo o se  arrangem ent of th e  s e v e r i ty  .of th e  
d isea se  in to  two ca teg o rie s
(1) mild to  moderate and .
(2) severe .
On c lo se r  exam ination of th e  fe a tu re s  which would 
tend  to  p lace  them in  th ese  c a te g o rie s , v iz .  g en era l appearance, 
s e v e r i ty  of symptoms, lo s s  of w eight, th e  assessm ent was f a r  
from accu ra te  once th e  offending  kidney had been removed 
s u rg ic a l ly  and i t s  co n d itio n  estim ated . As an exception  
to  th i s  genera l statem ent one p a t ie n t ,  R .3. had had severe 
d isch arg in g  sin u ses  in  ad d itio n  to  h is  new com plaint of 
in c reased  frequency of m ic tu r it io n . I t  was thought c l in ic a l l y  
th a t  th i s  p a t ie n t  would have a severe re n a l le s io n .
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In v e s tig a t io n  revealed  th e  presence o f a  com pletely 
non -function ing  and c a lc i f ie d  l e f t  k idney .
I t  i s  a lso  notew orthy th a t  th e  d u ra tio n  of symptoms 
could no t be employed as a measure of a sse ss in g  th e  s e v e r ity  
of th e  tubercu lous p rocess in  th e  k idney. As an example 
W.-S. had a v e iy  sh o rt h is to ry , which was in c reased  frequency 
of m ic tu r it io n , and y e t was found to  have had severe re n a l 
tu b e rc u lo s is .
In  regard  to  a  p a s t h is to ry  of tu bercu lous d isea se  
a f f e c t 'n g  o th e r t i s s u e s ,  such as lungs, bones.o r epididynes 
no in d ic a tio n  could be given of th e  s e v e r i ty  of th e  new 
le s io n  a f fe c t in g  th e  kidney.
SURGICAL FINDINGS.
The lo c a l i s a t io n  of th e  tu b e rc u lo s is  in  th e  ren a l t r a c t  
depended alm ost e n t i r e ly  on the  su rg ic a l in v e s t ig a tio n s , 
in travenous pyelography, cystoscopy and re tro g rad e  pyelography. 
A rough estim ate  of th e  fu n c tio n a l c ap a c ity  of th e  kidney  could 
a lso  be made in  most in s ta n ce s .
In travenous Pyelography.
There a p p e a r e d  to  be fo u r groupings p o ss ib le  In  th i s  
in v e s t ig a tio n , which was dependent upon the success of th e  
dye ex cre tio n  by th e  kidney, provided the  technique of t h e /
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th e  in je c t io n  had been s a t i s f a c to ry .
1* A pparently  norm al. The dye was w ell
concen tra ted  in  both kidneys and th e  X-ray 
photographs revealed  two norm ally  
fu n c tio n in g  k idneys.
2. P o o rly  fu n c tio n in g . The dye was poorly  
concen tra ted  in  th e  p e lv is  of th e  d iseased  
kidney producing only a very  f a in t  shadow 
on th e  X-ray p la te .
3. A pparently n o n -fu n ctio n in g . In  th i s  group 
th e  dye was no t s u f f ic ie n t ly  concen tra ted  
by th e  d iseased  kidney to  produce even a 
f a in t  shadow on X -ray exam ination.
4. Functioning bu t abnormal. This goup
occurred when th e re  was reasonab le  co n cen tra tio n  
of th e  dye in  g ro ss ly  d is to r te d  and damaged 
ca ly ces.
From th e  appearances obtained  in  th e se  dye ex cre tio n  
photographs i t  i s  p o ss ib le  to  lo c a l i s e  th e  d isea se  of the  
k idney a ffe c te d  and in  some in s ta n ce s  to  give an assessm ent 
of the  s iz e , p o s it io n , c h a ra c te r  and e x ten t of the  
tubercu lous process in  the  kidney a ffe c te d . I t  i s  im p o rta n t/
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im portan t to  r e a l i s e  th a t  the  assessm ent given mast be 
governed by a l l  th e  circum stances ap p licab le  to  th e  case 
under review . Gryspeerdt and Thomas (1954,) rep o rted  
a  case of re n a l tu b e rc u lo s is  which masqueraded as a 
sim ple re n a l c y s t.
In  the  assessm ent of the  case accord ing ly  
in travenous pyelography p lays an im portan t p a r t  bu t one 
which should be u t i l i s e d  only in  a sso c ia tio n  w ith  th e  
o th e r procedures undertaken in  th e  in v e s t ig a tio n  of the  
p a tie n t* s  ren a l s ta t e .
In  th e  f i r s t  group J .P .  was found, as appearances 
rev ea led , to  be q u ite  normal, the  only abnorm ality  d e tec ted  
was a s l ig h t  degree of fa in tn e ss  on the  r ig h t  s id e  w ith 
d i l a t a t io n  of th e  u re te r ,  f i g .  4-0* The appearances a t  the  
upper po le  were somewhat i r r e g u la r  but in  view of th e  wide 
v a r ia t io n  in  th e  normal p a t te rn  th i s  pyelogram could be read 
as norm al. Nephrectomy was c a rr ie d  out and th e  tubercu lous 
p rocess p re se n t in  the  k idney was q u ite  m ild, f ig s .  30,81.
I t  i s  r e a l is e d  th a t  small le s io n s  occurring in  the  medulla 
or co rtex  of th e  k idney would n o t be shown on in travenous 
pyelography.
In  the  second group i-i.Ii. was p laced . The r i g h t /
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r ig h t  k idney appeared to  be fu n c tio n in g  norm ally but 
on th e  l e f t  s id e  th e  shadow was th a t  of poo rly  fu n c tio n in g  
k idney, f ig  17. The kidney obtained a t  o p e ra tio n ' 
showed widespread re n a l tu b e rc u lo s is  and n ep h ro sc le ro s is  w ith  
r e te n tio n  c y s ts , f ig s  73,74. In  th i s  p a t ie n t ,  th e  X-ray 
appearances had confirmed th e  s id e  on which th e  le s io n  was 
p re se n t bu t d id  n o t a c c u ra te ly  denote i t s  e x ten t and 
s e v e r i ty .
In  th e  th i r d  group were p laced  A.Bk. and HvKcL. both 
of whom showed 110 ex cre tio n  from th e  l e f t  k idney whereas th e  
r ig h t  k idney appeared to  be norm al. A.He. was found to  
have an advanced ren a l tu b e rc u lo s is  in  th e  non-function ing  
s id e , f ig s .  60 . 61, w h ils t K.iicL a lso  had widespread 
re n a l tu b e rc u lo s is  w ith  considerab le  d i la ta t io n  of the  
p e lv is  and calyces which were f i l l e d  w ith  caseous pus, f i g . 75*
In  th e  fo u r th  group D.OtR showed good e x c re tio n  in  
both  k idneys. A ll th e  calyces of th e  l e f t  k idney were 
d i la te d  as was th e  p e lv is  in  the  r ig h t  kidney, f i g . 20. The 
specimen obtained a t  opera tion  was th e  r ig h t  kidney which 
appeared to  be more p a r t ic u la r ly  damaged and i t  had w idespread 
re n a l tu b e rc u lo s is  w ith  d i la ta t io n  of th e  prim ary and secondary 
ca ly ces . There were m u ltip le  tu b e rc le s  on th e  mucosal s u r f a c e /
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su rface  of th e  ca ly ces, f i g . 78.
In travenous pyelography, w h ils t a u se fu l ad ju n ct in  
th e  in v e s t ig a tio n  of ren a l tu b e rc u lo s is , g iv ing  as i t  
does an : in d ic a tio n  of which s ide  i s  m ainly im p lica ted  in  th e  
tubercu lous process and a lso  some in d ic a tio n  of th e  s i tu a t io n  
o f th e  le s io n ,  does no t give an assessm ent o f th e  s e v e r ity  
of th e  parenchymatous le s io n  in  th e  kidney.
Cvstosconv.
This s u rg ic a l procedure was c a r r ie d  out by th e  
u ro lo g ic a l surgeon in  every p a t ie n t  who was be lieved  to  be 
su ffe r in g  from re n a l tu b e rc u lo s is . I t s  purpose was fo u rfo ld
(1) to  measure the  cap ac ity  o f th e  b ladder
(2) to  in sp e c t the mucous membrane and th e  
u re te r ic  o r i f ic e  of th e  b ladder
(3) to  attem pt u re te r ic  c a th e te r is a t io n -o f  
th e  fo r m a l1 kidney and
(4.) to  a ttem pt u re te r ic  c a th e te r is a t io n  
follow ed by re tro g rad e  pyelography of 
th e  d iseased  kidney.
The b ladder cap ac ity , though reduced in  many of the  
p a t ie n ts  because of secondary involvement of the  mucosa by 
inv asio n  from th e  u re te r  on the  s id e  a ffe c te d , was n o t /
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n o t in v a r ia b ly  so , When i t  was reduced as in  U.S. and H.McL.
to  fo u r ounces and two ounces re sp e c tiv e ly  i t  could no t be
employed to  give an assessm ent of the  s e v e r i ty  of th e  re n a l 
le s io n  p re se n t, bu t was an in d ic a tio n  th a t  th e  tubercu lous 
p rocess in  th e  kidney was probably  an u lc e ra t iv e  one, causing
ex tension  down th e  u re te r  to  th e  b ladder mucosa.
In sp ec tio n  o f  th e  b ladder mucosa in  a l l  of th e  p a t ie n ts  
showed a v a r ia b le  p ic tu re . In  many of them th e re  was very  
l i t t l e  abnorm ality  but in  o th e rs , e .g . A.Bk., cystoscop ic  
exam ination revealed  evidence of secondary in fe c tio n -a s  w ell 
as th e  tubercu lous c y s t i t i s .  The.presence of th e  secondary 
in fe c t io n  d id  n o t appear to  confuse th e  is su e  in  regard  to  
th e  a ttem pt a t  assessm ent of the  s e v e r i ty  of th e  case from th e  
b lad d er appearance.
The in te n s i ty  of th e  c y s t i t i s  to g e th e r w ith  th e  
appearance of th e  u re te r ic  o r i f ic e s  were p o in te rs  to  th e  
s id e  a ffe c te d  by tu b e rc u lo s is  but could n o t be employed as 
In d ic e s  of th e  s e v e r i ty  of th e  re n a l le s io n . In  a l l  p a t ie n ts  
under review  the  ,norr.ialr u re te r  was su c c e ss fu lly  c a th e te r!s e d  
whereas th e  abnormal s ide  was not c a th e te r is e d  in  n ine  cases. 
In  th re e ,c a th e te r is a t io n  could only be p a r t i a l l y  c a r r ie d  ou t. 
In  th e  rem aining th i r te e n  p a t ie n ts  u re te r ic  c a th e te r i s a t io n /
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c a th e te r is a t io n  was su cc e ss fu l.
Cystoscopy i s  accord ing ly  a  u se fu l method of a sse ss in g  
th e  lo c a l  co n d itio n  in  th e  b ladder and of confirm ing the 
s id e  o f : th e  ren a l le s io n . I t  i s  of l im ite d  value  in  
a sse ss in g  th e  s e v e r ity  of th e  le s io n .
Retrograde Pyelography.
D e ta ils  of many of th e  p a t ie n ts  have been mentioned 
in  ch ap te r V to g e th e r  w ith  th e  in te r p r e ta t io n  of th e  X-ray 
f in d in g s .
There appeared to  be th re e  groupings p o s s ib le  in  th i s  
in v e s t ig a tio n  which was dependent upon th e  success of 
u re te r ic  c a th e te r is a t io n .
(1) Complete success. The u re te r ic  c a th e te r  was 
su c c e ss fu lly  passed and regrograde' pyelogram 
obtained  of both k idneys.
(2) P a r t i a l  success. The normal kidney was su c c e ss fu lly  
c a th e te r!se d  bu t th e  abnormal kidney was only 
p a r t i a l l y  c a th e te r is e d .
(3) F a ilu re . The d iseased  kidney could n o t be 
c a th e te r is e d  and acco rd ing ly  no re tro g rad e  
pyelogram .was o b ta i 11 ed.
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Complete success* j n f ig s  28,29  th e  re tro g rad e
pyelogram of th e  l e f t  kidney showed gross d i l a ta t io n  of th e  
calyces throughout th e  k idney . The a d d itio n a l in fo rm ation  
th a t  th e  u re te r  was a lso  involved in  th e  d isea se  p rocess 
was found because of the  i r r e g u la r i t y  seen a t  i t s  upper end.
A l a t e r a l  view of th i s  pyelogram, f i g . 29, dem onstrated th e  
s e v e r i ty  and w idespread n a tu re  of the  le s io n . These f in d in g s  
were confirmed by removal of th e  l e f t  kidney, f ig s  6 0 ,6 l.
A .B t. In  f i g .  30 re tro g rad e  pyelogram of th e  r ig h t  k idney showed 
g ro ss  d i l a t a t io n  of a l l  the  re n a l calyces whereas in  f i g .  31 
th e  normal l e f t  kidney has been su c c e ss fu lly  c a th e te r is e d  and 
pyelogram obtained of i t .  The appearances a re  e s s e n t ia l ly  
normal a p a r t from a s l ig h t  d is to r t io n  of the  calyces o f th e  low er 
p o le , which however, d id  n o t appear to  be th e  s e a t  of 
tu b e rc u lo s is . The kidney obtained a t  o p era tio n  i s  seen in  
f i g .  62 and the  evidence of g ross d i la ta t io n  of a l l  th e  re n a l 
calyces confirm ed.
R.S. In  f i g .  41 re tro g rad e  pyelogram showed some 
i r r e g u la r i t y  o f th e  calyces of th e  r ig h t  kidney, th e  l e f t  k idney 
and u r e te r  a re  g ro ss ly  c a lc i f ie d .  U nfortunate ly  no photograph 
of th i s  k idney  was obtained .
P a r t i a l  su ccess .
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P a r t i a l  su ccess . D.O’R. In  f ig ,  31 th e  r ig h t  
k idney  was only p a r t i a l l y  c a th e te r is e d  but th e  low er p a r t  
of th e .u r e te r  showed considerab le  d i la ta t io n .  The l e f t  
kidney a ls o  showed some d i l a ta t io n  of th e  p e lv is  w ith  
i r r e g u la r i t y  of the  ca lyces. The r ig h t  k idney was removed 
and i s  seen as f i g . 73. There i s  some narrowing of th e  
u re te r  s h o r t ly  a f te r  i t  leav es  th e  p e lv is .  I t  i s  a t  th i s  
ju n c tu re  th a t  the  u re te r ic  c a th e te r  was o b s tru c ted .
F a ilu re . J.McA. In  f i g .  J 7 th e  l e f t  u r e te r  could 
n o t be c a th e te r is e d  although the  f a in t  s o f t  t i s s u e  o u tlin e  
of th e  l e f t  kidney could be seen . The r ig h t  k idney was 
normal in  o u tlin e . The specimen obtained a t  op era tio n , 
th e  l e f t  kidney, i s  seen in  fogs 76 and 77 and a lso  as a 
la rg e  se c tio n , specimen 1 .
The c l in ic o  su rg ic a l in v e s t ig a tio n s  of re n a l 
tu b e rc u lo s is  to g e th e r are  a guide but no t an accu ra te  
measurement of th e  ex ten t of the  p a th o lo g ic a l p rocess tak in g  
p lace  in  th e  kidney. From them ih fo rm ation  i s  obtained 
in d ic a tin g  which s ide  is  concerned in  the  tubercu lous p rocess 
and a lso  some idea  of the  e x ten t of the  le s io n  can be gauged. 
As has been seen in  the  re tro g rad e  pyelograns th e re  are  
o ccasional v a r ia t io n s  in  th e  normal p a t te rn  which a re  w ith in  /
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w ith in  normal l im i t s .  I t  i s  n o t p o ss ib le  however from 
th e  evidence obtained from th e se  in v e s t ig a tio n s  to  g ive an 
accu ra te  assessm ent of the  p rognosis as th e  e x ten t of th e  
parenchymatous damage cannot be v is u a l is e d  by them,
BIOCHEMICAL FINDINGS.
In  ch ap te r VII a complete review  has been given 
o f th e  biochem ical f in d in g s  follow ed in  ch ap te r V III by an 
account of th e  in te rp re ta t io n  of the  r e s u l t s .  I t  i s  
proposed b r ie f ly  to  assess  th e  case on th e se  biochem ical 
find ings*
The Tmp^jj vab.es, as has been s ta te d , have a r b i t r a r i l y  
been p laced  in  th re e  groupings, m ild, moderate and severe 
and some comment has a lread y  been given of th e  a sso c ia ted  
a l t e r a t i o n s . which have taJcen p lace  in  th e  EPF and GFR v a lu es .
•fopAH* i n th e  m ild group J .P .  had a s a t i s f a c to r y
value  of Tmp^| p re -o p e ra tiv e ly  in d ic a tin g  th a t  th e  amount of 
re n a l damage was no t severe . The c l in ic a l  assessm ent in d ic a ted  
th a t  th e  amount of damage b e liev ed  to  be p re se n t, talking in to  
account th e  vario u s  symptoms and signs obtained , was th a t  
th e re  was moderate damage. The p a th o lo g ic a l f in d in g  showed 
th a t  th e re  was an a c tiv e  bu t very  lo c a l is e d  re n a l tu b e rc u lo s is .
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This appears to  in d ic a te  th a t  th e  biochem ical 
f in d in g  in  th i s  in s tan ce  was accu ra te .
As an example of th e  moderate group M.B., who i s  th e  
low est va lue  in  th e  moderate group, c l in ic a l l y  was assessed  
to  have a sev e re ly  damaged kidney from th e  n a tu re  of 
h e r symptoms and s ig n s . On exam ination of h e r kidney, 
f i g .  66, i t  can be seen th a t  th e re  i s  a moderate amount 
of re n a l tu b e rc u lo s is  p re sen t although th e  h is to lo g ic a l  
appearances in d ic a te  th a t  i t  was f a i r l y  e a r ly . The im portance 
of th e  biochem ical f in d in g  in  th i s  case i s  once again  an 
accu ra te  assessm ent of th e  q u a n ti ta tiv e  amount o f ren a l 
t i s s u e  damaged.
As.an example of the  severe group H.McL, from th e  Tmp^ 
f ig u re  p re -o p e ra tiv e ly  had a severe le s io n . The c l in i c a l  
h is to ry  had been in d ic a tiv e  th a t  th e  tubercu lous p rocess 
p re sen t in  h is  kidneys should be severe bu t in  a c tu a l f a c t  
p a th o lo g ic a l f in d in g s , f ig .  75 showed th e  appearances were 
those  of a widespread severe tu b e rc u lo s is . This again  would 
confirm  th a t  th e  biochem ical assessm ent of th e  case had been 
accu ra te .
The p re -o p e ra tiv e  assessm ent of ’severe* damage may 
have two d i s t in c t  causes, ( l )  ex tensive  damage confined to  
one kidney, (2) le s s  ex tensive  d isea se  of one kidney combined/
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combined w ith  m ild d isea se  of th e  o th e r. A th i r d  p o s s ib i l i ty ,  
severe damage of both  kidneys -  would produce obvious b i l a t e r a l  
involvem ent which would exclude th e  case from th i s  s e r ie s .
KPF and GFR. In  a sse ss in g  th e  s e v e r ity  of the  case, 
according to  EPF and GFR va lu es , though some in d ic a tio n  can 
be obtained from th ese  f ig u re s , the  p re c ise  c h a ra c te r  which 
i s  p re se n t in  th e  Tmpj j^ values has no t been achieved although 
th e  genera l tendency of th e  p a t te rn  of the  d isea se  can be 
o b ta ined . As an example, in  J .P .  th e  p re -o p e ra tiv e  va lues 
of EPF and GFR were h igh . In  th e  mild group th e  p re -o p e ra tiv e  
va lue  f o r  M.B. was a lso  h igh , suggesting  th a t  th e  blood flow  
and glom erular f i l t r a t i o n  were in  both in s ta n ce s  s a t i s f a c to ry ,  
whereas as has been n o ticed  in  th e  Tmp^R r e s u l t s ,  th e re  i s  
co n sid erab le  d iffe re n c e  in  th e  amount of fu n c tio n a l re n a l 
t i s s u e  p re se n t in  th e se  two examples. In  th e  seve e group 
H.McL. had a lowered EPF and GFR value  which was more in  
keeping w ith  the  Tmpjip; va lues although th e  amount of re n a l 
t i s s u e  damaged could no t be estim ated  from th e se  f ig u re s .
The derived  values a re  commented on more f u l l y  in  
Chapter V III and a re  not s l i ta b ie  in  the assessm ent of th e  . 
case from th e  view point of trea tm en t and p ro g n o sis . They are  
more concerned w ith  ren a l haemo-dynamics.
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Urea C learance T es t. The u rea  c learance  t e s t  was c a rr ie d  
out in  a l l  cases where s u f f ic ie n t  m a te ria l was a v a ila b le .
The vah.es found a re  very  much in  p a r a l l e l  w ith  th e  GFR. 
fig u res ,, as can be seen from th e  c o r re la t io n  c o e f f ic ie n t  +0.80, 
f i g .  56 and th e  s c a t te r  diagram, f ig  58. As i s  to  be 
expected, the  t e s t  i s  of l i t t l e  value as a means of 
a sse ss in g  th e  s e v e r i ty  of th e  le s io n .
SUMMARY.
Thoms on-Walker (1927) was adamant th a t  c a th e te r is a t io n  
of th e  u re te r s  was th e  most im portant p a r t  of th e  in v e s t ig a t io n  
of a case of ren a l tu b e rc u lo s is . This has been r e i te r a te d  
by Jacobs (1934*) "who added th a t  th i s  was necessa ry  in  o rder 
to  o b ta in  specimens of u rin e  from each kidney fo r  exam ination.
From a l l  th e  d a ta  produced and d iscussed  i t  i s  suggested 
th a t  th e  most b e n e f ic ia l  source of in fo rm ation  in  regard  to  
th e  assessm ent of th e  case, from the  view point of s e v e r i ty  and 
p rognosis , i s  obtained from th e  Tmp^g r e s u l t s .  I t  i s  a lso  
notew orthy th a t  th e  c l in ic a l  a p p ra isa l of th e  s e v e r i ty  of th e  
le s io n  cannot be estim ated  w ith  accuracy w ithout th e  a s s is ta n c e  
of th e  su rg ic a l techniques of in travenous pyelography, cystoscopy 
and re tro g rad e  pyelography. . .
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CHAPTER XI
UNILATERAL USUAL DISEASE WITH HYPERTENSION
Blood p re ssu re  readings were obtained ro u tin e ly  
on sev e ra l occasions from p a t ie n ts  su ffe r in g  from re n a l 
tu b e rc u lo s is  who were undergoing h o s p ita l  tre a tm e n t.
On f in a l i s in g  records which had been obtained in  each case 
i t  was n o ticed  th a t  a  sm all group appeared to  have 
hypertension  befo re  nephrectomy. On exam ination of the  
f ig u re s  one week and s ix  months a f t e r  op era tio n , i t  was 
seen th a t  th e re  had been some improvement in  th e  blood 
p re ssu re  f in d in g s .
This aspec t has been made th e  su b jec t of a sep a ra te  
paper (C raik and Macdonald -  in  p re p a ra t io n .)  I t  i s  no t 
proposed to  d eal in  d e ta i l  w ith  th i s  c o l la te r a l  f in d in g  
as i t  r a is e s  a sep a ra te  is su e  which i s  n o t th e  main concern 
of th i s  in v e s t ig a t io n .
Seven p a t ie n ts  were found to  have hypertension , f i g . 101, 
and th ey  a l l  had recovery  to  a norm o-tensive p a t te rn  s ix  months 
a f t e r  o p e ra tio n . I t  i s  in te r e s t in g  furtherm ore to  note th a t  
in  only two p a t ie n ts  had th e re  been re tu rn  of hypertension , M.P 
'and M.M., who l a t e r  unfortunately succumbed to  c e re b ra l 
haemorrhage.
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In  th e  case of M.M. perm ission  was obtained f o r  
removal o f th e  rem aining r ig h t  kidney and th i s  i s  dem onstrated 
as fig s*  102 and 103. The r ig h t  kidney was long  and narrow 
and th e re  was a 'la r g e  cy st in  th e  upper pole* The p e lv ic  
f a t  was co n siderab ly  in c reased . On cu t su rface  th e  upper 
p o le  i s  reduced to  a narrow r in d . M ultip le  re te n tio n  cy s ts  
o f vary ing  s iz e  a re  p re se n t.
H is to lo g ic a l exam ination of a  re p re se n ta tiv e  se c tio n , 
f i g . 104- confirm s th e  presence of hypertensive  n e p h ro sc le ro s is . 
There i s  a lso  i n t e r s t i t i a l  g lo m eru lo -sc le ro sis  and consid erab le  
a trophy o f th e  tu b u le s . There i s  no evidence of tu b e rc u lo s is . 
On comparing th i s  sec tio n  w ith f i g .  93, th a t  of th e  l e f t  
k idney  obtained a t  op era tio n , i t  can be seen th a t  th e  degree of 
n e p h ro -s ie ro s is  has advanced. In  f i g .  105 th icken ing  of th e  
in tim a  i s  seen w ith  f ib r o s is  of th e  media and s p l i t t i n g  and 
fragm en ta tion  of the  in te rn a l  e la s t i c  lam ina. In  f ig .1 0 6  
a sec tio n  of th e  re n a l a r te ry  i s  seen in  which th e re  i s  gross 
m edial f ib r o s is  w ith  consid erab le  in tim a l th ick en in g , some 
s p l i t t i n g  of th e  in te rn a l  e la s t i c  lam ina being ev iden t in  th i s  
se c tio n  a lso .
A ll the  o th e r p a t ie n ts  who had hypertension  have been 
f u l l y  examined re c e n tly  and are  very  w ell, w ith  no symptoms/
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symptoms re fe ra b le  to  t h e i r  c a rd io -v a sc u la r  system.
Ophthalm ological exam ination does n o t show any 
evidence of hypertensive  re tin o p a th y .
In; M.P. th e  recurrence  of hypertension  i s  a sso c ia te d  
w ith  th e  vasomotor d is tu rb an ce  of th e  menopause.
I t  i s  noteworthy th a t  th e  p a tie n ts  who had h y p ertension  
appeared to  be in  the  o lder age group.
The re tu rn  to  th e  norm o-tensive p a t te rn  has been 
s tu d ied  in  considerab le  d e ta i l  and i s  being commented on 
f u l l y  in  th e  paper .mentioned above which i s  in  course of 




Kack (193B) in  an in te re s t in g  account of re n a l 
tu b e rc u lo s is  s ta te d  th a t  th e  trea tm en t of th e  d isea se  was 
a race  between th e  surgeon and th e  tu b e rc u lo s is  w ith  th e  
o th e r s id e  of the  tr ig o n e  as i t  is g o a l.
Such was th e  prognosis in  th ese  p re  a n t i - b io t i c  days 
t h a t  a h igh  m o rta lity  re su lte d  from th e  o p era tio n  of 
nephrectomy f o r  ren a l tu b e rc u lo s is .
Thomson~Walker (1927),commenting on th e  m o rta lity  
occurring  in  th e  p a t ie n ts  under review  in  h is  s e r ie s ,  found 
a f ig u re  vary ing  from 7 .3  p e r cent to  2 .5  p e r c en t. 
Furtherm ore, many p a l l i a t iv e  o p e ra tio n s, inc lud ing  
t ra n s p la n ta t io n  of th e  u re te r s ,  were c a r r ie d  out to  re l ie v e  
th e  d is t r e s s in g  b ladder symptoms.
I t  i s  an in te re s t in g  f a c t  th a t  s in ce  th i s  in v e s t ig a tio n  
commenced in  1953 no p a t ie n t  has undergone tra n s p la n ta t io n  
of th e  u re te r s  fo r  ren a l tu b e rc u lo s is  a t  Stonehouse H o sp ita l. 
In  th e  p rev ious f iv e  years th e re  had been s ix  p a tie n ts  
in  whom t h i s  o p era tio n  had been req u ired .
A fu r th e r  com plication noted in  th e  p re  a n t i - b io t i c  e r a /
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e ra  was th e  form ation  of p o s t o p era tive  s inuses in  th e  
o p era tio n  s c a r , a fe a tu re  again  noted by Thomson-Walker (1927) 
in  h is  own s e r ie s .  Indeed'Legueu (19^9) dem onstrated th a t  
tubercu lous d e p o sits  were o ccas io n a lly  found in  th e  
p e rin e p h ric  f a t .
As a l l  th e  pa/bients in  th i s  s e r ie s  had a n t i - b io t i c  
chemotherapy a b r ie f  account i s  now given of th e  ro u tin e  
m edical trea tm en t employed.
MODERN TREATMENT.
Twenty of th e  p a t ie n ts  in  th i s  s e r ie s  had a course of 
90 gms. strep tom ycin  given in  d a i ly  in j e c tio n s  o f  1 gm. 
Iso n ia z id  commenced two to  th re e  days a f t e r  th e  i n i t i a t i o n  of 
strep tom ycin  and was given in  100 mgm. doses th r ic e  d a ily , 
th e  two drugs being given co n cu rren tly .
The o th e r two p a tie n ts  in  th e  s e r ie s ,  who were t r e a te d  
# a t  Hairmyres H o sp ita l, were a lso  given strep tom ycin  and 
is o n ia z id  bu t in  each case th e  dosage o f strep tom ycin  given 
p r io r  to  o p e ra tio n  was, in  one in s ta n ce , 2D gms. and in  
th e  o th e r, 25 gms. The p o s t o p era tive  dosage was continued 
u n t i l  a t o t a l  of 9 0  gms. was given in  a l l .
The trea tm en t was arranged in  such a way th a t  
nephrectomy was c a r r ie d  out when the  p a t ie n ts  had had 4-5 g m s./
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IS gms. s trep tom ycin . A ll th e  p a t ie n ts  were k ep t s t r i c t l y  
in  bed p r io r  to  nephrectomy.
G ystoscopic exam ination was c a r r ie d  out on sev e ra l 
occasions1 and when th e  s id e  a ffe c te d  and th e  ex ten t of 
th e  le s io n  were determ ined, by u t i l i s i n g  th e  evidence 
obtained  from in travenous and re tro g rad e  pyelograms, 
removal of th e  d iseased  kidney was arranged to  co incide 
w ith  th e  mid p o in t in  the streptom ycin  th e rap y .
SURGICAL TREATh~EKT.
As a l l  th e  p a t ie n ts  in  th i s  s e r ie s  underwent 
nephrectomy, th e  o p era tion  c a r r ie d  out was by the  usual 
tech n iq u e : th e  kidney was m obilised through a lo in
in c is io n  and a f t e r  l ig a t io n  of th e  re n a l v e s s e ls , as much 
u r e te r  as p o ss ib le  was freed  and removed w ith th e  kidney.
In  no case in  th i s  s e r ie s  was p a r t i a l  nephrectomy c a r r ie d  
out though Jacobs (1953) has recommended th a t  th i s  i s  p o ss ib le  
i f  th e  d isea se  i s  lo c a l is e d  to  one or perhaps two ad jacen t 
a reas  of th e  k idney.
R esu lts  of nephrectomy.
As has a lread y  been s ta te d  in  ch ap te r 1 , tw elve 
p a t ie n ts  p re -o p e ra tiv e ly  were known to  have c y s t i t i s  w ith  
a tte n d an t urgency and frequency of m ic tu r it io n . An
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An immediate e f f e c t  of nephrectomy seen in  a l l  th ese  p a t ie n ts  
was th e  le sse n in g  of th e se  clam ant symptoms.
T heir temperament, which had p rev io u s ly  been somewhat 
i r r i t a b l e ,  became more p la c id  due to  th e  f a c t  th a t  th ey  could 
now have a more prolonged r e s t f u l  sleep  a t  n ig h t.
In  th re e  p a t ie n ts  however, in c reased  frequency remained and 
on c u l tu ra l  exam ination of th e  u rin e  they  were found to  
have a co lifo rm  in fe c t io n . This was t re a te d  by s u lp h a - tr ia d  
and a lk a l in e  d iu r e t ic .  These measures were su cc e ss fu l in  
every case . One p a tte n ':, U .S ., had a sev e re ly  .con tracted  
b ladder and has req u ired  repeated  courses of chemotherapy, 
u s u a lly  PAS and iso n ia z id . PAS was given in  a dosage of 
15 gms. p e r  day and iso n ia z id  300 mgms. d a ily , the  d u ra tio n  
of th e  course l a s t in g  twenty e ig h t days in  each in s ta n c e .
R.S. has been a very  complex case to  d ea l w ith  s in ce  th e  
o u ts e t of h is  i l l n e s s  because of th e  m u l t ip l ic i ty  of th e  
tubercu lous 1e s ion s .
Com plication of nephrectomy, (a) Sinus fo rm ation .
In  two p a t ie n ts ,  U.S. end J .K ., th e re  was leakage from 
th e  o p e ra tio n  wound but th i s  rapidfer c lea red  up w ith lo c a l  
p e n ic i l l in  trea tm en t.
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(b) B ladder c o n tra c tu re ,
' I n  a l l  th e  p a t ie n ts ,  p o s t-o p e ra tiv e  in travenous 
pyelography was. c a r r ie d  out and p a r t ic u la r  no te  made 
of th e  cystogram appearance. This however was 
in c o n c lu s iv e : cystoscop ic  exam ination was more exact
in  determ ining  th e  s ta te  of the  b ladder mucosa. The 
choice of chemotherapy i s  im portan t and, as has been 
rep o rted  by Borthwick and Dick (195'7) , th e  main problem 
i s  th e  choice of which com bination i s  to  be most e f fe c t iv e  
in  th e  case under s u rv e illa n c e . S treptom ycin has been noted 
to  produce some b ladder c o n tra c tu re  a f t e r  severe c y s t i t i s  due 
to  th e  f ib r o s i s  which is  a r e s u l t  of i t s  th e ra p e u tic  a c tio n : 
I n  such cases i t  has been found th a t  t h i s  has been lessened  
by combining streptom ycin w ith  PAS or g iv ing  PAS w ith  
is o n ia z id .
In  p a t ie n ts  who have co n trac ted  b ladder, opera tions 
have been devised  to  overcome th i s  com plication : th ese
inc lude  cutaneous ureterosotom y, u re te ro -c o lic  anastom osis, 
and i le o  -  c y s to p la s ty . The last two procedures have been 
rep o rted  to  be th e  most b e n e f ic ia l .  . I le o -c y s to p la s ty  should 
only be employed when th e re  i s  no a c tiv e  tubercu lous d isea se  
p re sen t in  th e  co n trac ted  b ladder (Jacobs, 1957)*
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DISCUSSION.
L a ttim er e t  a l  ( 1 9 used 1 .8  gms. strep tom ycin  d a i ly  
fo r  120 days and found th i s  efficacious in  th e  e a r ly  cases 
of re n a l tu b e rc u lo s is . Lloyd e t  a l  (194#) however, s ta te d  
th a t  th e  a p p lic a tio n  of strep tom ycin  alone was r a th e r  l im ite d  
in  th e  trea tm en t of th e  co n d itio n  and was c e r ta in ly  no t of 
i t s e l f  c u ra tiv e . Wimsett (1952) gave a d e ta i le d  regime 
to  be follow ed in  th e  d i f f e r e n t  types of p a t ie n t .  In  h is  
paper he agreed th a t  l i t t l e  or no e f fe c t  was gained by 
strep tom ycin  on an d e s tru c tiv e  type of le s io n  which had been 
w ell e s ta b lis h e d . He a lso  s ta te d  th a t  streptom ycin had a 
b e n e f ic ia l  e f f e c t  on tubercu lous c y s t i t i s  bu t th i s  was 
dependent on th e  ex ten t o f the  d isease  p re sen t in  th e  
upper u r in a ry  system . Indeed, the  drug appeared to  h asten  
th e  c o n tra c tio n  of the  b ladder.
PAS was given to  a fu r th e r  tw enty p a t ie n ts ,  to g e th e r  
w ith  1 gm. strep tom ycin  and Wimsett concluded th a t  th e  two 
drugs produced a s l ig h t ly  improved e f f e c t ,  though th e  e s ta b lish e d  
d e s tru c t iv e  type  of le s io n  showed no response
In  t h i s  s e r ie s  a l l  th e  p a t ie n ts  have been followed 
up and p a r t ic u la r  a t te n tio n  paid  to  t h e i r  genera l co n d itio n .
I t  i s  p le a s in g  to  be ab le  to  re p o r t th a t  th ey  a re  a l l  doing 
very  w e ll. Increased  frequency of m ic tu r it io n  remains o n ly /
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only in  one p a t ie n t ,  R.S. who has re c e n tly  been an 
in -p a t ie n t  in  Stonehouse H o sp ita l fo r  a fu r th e r  course 
of chemotherapy.
I t  i s  notew orthy th a t ,  a f t e r  th e  i n i t i a l  15/20 doses 
of s trep tom ycin , th e re  i s  a general improvement in  th e  
p a tie n ts*  co n d itio n  w ith  le sse n in g  of th e  genera l to x ic  
s ig n s . In  no case was th e re  an a l t e r a t io n  or u p se t to  
th e  planned ro u tin e  p r io r  to  nephrectomy.
The p a tie n ts*  w eight, as can be seen in  f i g . 107 
has improved in  th e  m a jo rity  of p a t ie n ts  and i s  a s ig n if ic a n t  
p o in te r  to  th e  c l in ic a l  recovery  which has been made fo llow ing  
e x tirp a t io n  of th e  organ d iseased  by tu b e rc u lo s is .
There has been no recu rrence  of re n a l tu b e rc u lo s is  
noted in  th e  rem aining kidney in  any of th e  p a t ie n ts  who 
comprised th i s  s e r ie s  fo u r to  f iv e  years a f t e r  t h e i r  
i n i t i a l  p re se n ta tio n  of symptoms andsigns of th e  d is e a se .
F u ture  T reatm ent.
I t  i s  recommended th a t  in  p a t ie n ts  who have 
a mild degree of re n a l tu b e rc u lo s is , as estim ated  by th e  
Inulin/^AH e x c re tio n  t e s t ,  th ey  should be su c c e ss fu lly  t r e a te d  
by chemotherapy, i . e .  a  com bination of two drugs such as 
strep tom ycin  and iso n ia z id , w ithout nephrectomy being req u ired .
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In  cases judged to  be in  th e  moderate or severe  
groups, th e re  i s  s t i l l  a  p lace  fo r  nephrectomy, 
e i th e r  p a r t i a l  or t o t a l ,  depending on th e  s i tu a t io n  and 
q u a n ti ta t iv e  amount of tu b e rc u lo s is  p re se n t.
Streptom ycin and iso n ia z id  w il l  be req u ired  in  a 
dosage of 1 gnu streptom ycin  d a ily  and 300/450 mgms. is o n ia z id  
d a i ly .  O peration should be planned to  take  p lace  when 
th e  p a t ie n t  has had 45 g&s. strep tom ycin .
CHAPTER XIII
SUM-IARI OF THESIS
The c l in i c a l  study , 'which i s  th e  su b jec t of th i s  
in v e s t ig a tio n  was commenced in  1953* I t  inc lu d es  complete 
reco rd s  of tw enty two p a tie n ts  su ffe r in g  from ren a l 
tu b e rc u lo s is  who have been in v e s tig a te d  c l in ic a l ly ,  
s u rg ic a l ly  and biochem ically*
The p a t ie n ts  were se le c te d  only in  so f a r  as they  
had nephrectomy c a r r ie d  ou t. The specimens obtained were 
examined b a c te r io lo g ic a l ly  and h is to lo g ic a l ly *
I t  has been shown th a t  th e  Tmp^ pj r e s u l ts  can be used 
as an accu ra te  index of th e  q u a n tita t iv e  s e v e r i ty  of th e  
le s io n  p re se n t and a lso  as a-measurement of th e  p rognosis 
to  be expected*
The derived  f r a c t io n s  have provided in fo rm ation  which 
suggests th a t  th e  p a th o lo g ic a l p rocess of ren a l tu b e rc u lo s is  
produced damage of th e  sm alle r a r t e r i e s ,  thus worsening th e  
general e f f e c t  of th e  in fe c tio n  which had occurred in  th e  
k idney . This has been confirmed by exam ination of th e  
h is to lo g ic a l  specimens a v a ila b le .
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H ypertension as a  com plication  of u n i la te r a l  re n a l 
tu b e rc u lo s is  has been d iscovered  as a c o l la te r a l  f in d in g  
and an in tro d u c to ry  comment has been made on th i s  f e a tu re . 
F in a lly , a b r ie f  review  i s  given of th e  modem 
method of trea tm en t of th e  co n d itio n , w ith  a suggestion  
th a t  m ild cases o f re n a l tu b e rc u lo s is  can now be co n fid en tly  




I t  i s  a p r iv i le g e  to  acknowledge th e  considerab le  
a s s is ta n c e  which I  have had from a l l  th e  p a t ie n ts  who took 
p a r t  in  th i s  in v e s t ig a t io n , I  should a lso  l ik e  to  
m ention th e  a s s is ta n c e  given by nursing  s t a f f  and re s id e n t 
s t a f f  both  a t  S torehouse and Hairmyres H o sp ita ls . Dr,
J ,  S a lisb u ry  C raig has been a co n tin u a l source of 
encouragement, as has been Dr, A. Smith, surgeon superin tenden t 
a t  Stonehouse H o sp ita l.
Ky thanks a re  a lso  due to  h r . W.S. Kack and h r .  T.L. 
Chapman who allowed me to  use t h e i r  p a tie n ts  fo r  th e  t e s t s .
Dr. J .E .C ra ik  has been a m ainstay  throughout th e  in v e s t ig a tio n  
and i t  i s  through h is  kind co -o p era tio n  th a t  I  have been ab le  
to  use f ig s .  1 - 4 -  and Fig 100, volume I I ,  I  am a lso  
indeb ted  to  him fo r  much h e lp fu l advice in  th e  p re p a ra tio n  
of t h i s  paper.
Dr. I .  Anderson and Dr. A. Kenny have been most h e lp fu l 
in  allow ing me to  c a r ry  out biochem ical estim atio n s  in  t h e i r  
la b o ra to ry , h r .  Gray, c l in ic a l  photographer a t  th e  V ic to r ia  
In firm ary  has c a r r ie d  out th e  photography and a s s is te d  in  t h i r  
mounting, I  am a lso  g ra te fu l  to  h r . A rchibald of th e  /
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th e  Pathology departm ent of th e  V ic to r ia  In firm ary  
f o r  th e  p re p a ra tio n  of th e  la rg e  kidney tra n sp a re n c ie s .
I  should 1-ike to  s ta t e  th a t  th e  i n i t i a t i o n  and 
co n tin u a tio n  of th i s  work was s tim u la ted  by th e  l a t e  Dr. 
Andrew Deuchars, my co lleague a t  Stonehouse H o sp ita l.
I  am indebted  to  ve ry  many o th e r co lleagues fo r  
encouragement and a s s is ta n c e  given.
For s e c r e ta r ia l  work in  th i s  paper I  am indebted  
to  Miss McKendrick, Mrs. Torrance and in  p a r t ic u la r  to  
Mrs. F alconer f o r  consid erab le  e f f o r t s  a ffo rd ed .
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F ig . l .  NEPHRON DIAGRAM
The co lo u r scheme i s  uniform  in  a l l  
d iagram s.
Yellow; G lom erular capsu le  and
Glom erular F i l t r a t i o n  Rate 
(GFR)
Red: Blood v e s s e ls  and e f f e c t iv e
Renal Blood Flow .(RBF)
Greens Tubules and maximal tu b u la r  
ex c re to ry  c a p a c ity  (Tm)
.2 .  INULIN CLEARANCE or GLOMERULAR FILTRATION RATE
The glom erulus a c ts  as a  sim ple u l t r a - f i l t e r  r e ta in in g  only  p ro te in s , 
so th e  c o n c e n tra tio n  o f a l l  s o lu te s  i s  th e  same in  th e  g lom eru lar 
f i l t r a t e  as in  th e  plasm a. This i s  rep re sen ted  as 10 b lack  d o ts  
in  th e  capsu le  and 10 d o ts  in  th e  c a p i l la r y .
In  th e  tu b u le , w ater i s  absorbed, b u t th e  in u l in ,  as i t  i s  n e i th e r  
absorbed n o r ex cre ted , i s  p ro g re s s iv e ly  co n cen tra ted . The o r ig in a l  
10 u n i t s  a re  con tained  in  le s s  and le s s  f lu id  u n t i l  -
In  th e  p e lv is  th e  10 u n i t s  a re  d isso lv e d  in  a s in g le  drop of 
u r in e  and no e x tra  in u l in  has been added.
Thus th e  In u lin  C learance g ives th e  volume of f i l t r a t e  in  which
th e  in u l in  was o r ig in a l ly  con tained  -  i . e .  th e  Glomerular F i l t r a t i o n
R ate.
R enal . 
a r t e r y
G L O M E R U L A R
CA P I L L A RY









F i g .  3 .  LOW PAH CLEARANCE OR RENAL BLOOD FLOW
a) G lom erular f i l t r a t i o n  i s  th e  same as f o r  In u l in .
b) In  th e  tu b u le  PAH i s  a c t iv e ly  ex cre ted  by th e  tu b u le  
c e l l s .
c) P rov ided  th e  blood co n ce n tra tio n  i s  low a l l  th e  PAH has 
been removed from th e  blood by th e  tim e i t  reaches th e  
venous end o f th e  in te r tu b u la r  c a p i l l a r i e s .
d) Thus a l l  th e  PAH brought by th e  blood stream  to  th e  
k idney  i s  ex cre ted  in  th e  u r in e .  The PAH c lea ran ce , 
th e re fo re , g ives th e  volume of blood p ass in g  through th e  
k idney  -  i . e .  th e  Renal Blood Flow.
F ig . 4-. HIGH PAH EXCRETION or
MAXIMAL TUBULAR EXCRETORY CAPACITY
a) G lom erular f i l t r a t i o n  and tu b u la r  e x c re tio n  a re  th e  same as 
w ith  th e  low PAH c lea ra n c e .
b) When th e  blood c o n ce n tra tio n  of PAH i s  h igh , th e  tu b u le s  a re  
s a tu ra te d  and cannot remove a l l  th e  PAH from th e  blood, excess 
p a ss in g  to  th e  re n a l v e in .
c) R aising  th e  blood c o n ce n tra tio n  does n o t a l t e r  th e  amount of 
PAH ex cre ted  by th e  tu b u le s  as th e se  a re  a lre ad y  working to  
f u l l  c a p a c ity .
d) The t o t a l  amount of PAH ex cre ted  p e r  m inute (n o te : th i s  i s  
n o t th e  '‘c lea ra n c e"  r a te )  i s  an index  of th e  amount of a c tiv e  
tu b u la r  t i s s u e  in  th e  k idneys -  i . e .  th e  maximal tu b u la r  
e x c re to ry  c ap a c ity .
<Fig. 5.
Colour photograph showing 
p a t ie n t  w ith  in travenous 
s a l in e  d r ip  e s ta b lish e d . 
C a th e te r has a lso  been 
passed .
- F ig . 6,
F i l t r a t i o n  f la s k  
co n ta in in g  su s ta in in g  
doses o f PAH and In u lin  
in  th e  f i r s t  p e rio d .
8 ml. PAH
55 ml. In u lin
450 ml. Normal S a lin e .
P ig . 7 .
.F ig . 8 .
Photograph showing T -tube and in trav en o u s needle 
in  p o s i t io n .
Apparatus re q u ire d  to  complete a t e s t ,  th e  
f i r s t  p e rio d  having been e s ta b lis h e d .
P ig . 9 .
In je c t io n  o f 20 ml. of PAH p a ss in g  along T -tube.
F ig . 10.
F i l t r a t i o n  f la s k  a f t e r  a d d itio n  of 80 ml. of PAH.
F ig . ! !♦  
Photograph showing th re e  u r in e  specimens, th re e  
blood specimens and in fo rm atio n  sh ee t.
Sheet 1 . Lab. R e f. No.
H)HER 8HITH R5NAL FUNCTICW TEST.
Case No: Name: j . p # ( i )  Ago: 23
R e fe rre d  By: D r. K aodanald. S tonehoase H o s p i ta l .  D ate: l l  A O /55
H eigh t: 5 f t . v  0  in e .  W eight: 8  j t .  2 l t a .  S u rfao e  A rea: 1 .4 7  (p  = i . i g )
C lin io a l  D iagnosis : T u b e rc i lo s is .
Urea C learanoe  -  % o f  norm al: B .P .s  124/36
(1 ) 1 2 1  (c o r re o te d )
(2 ) 119 ( c o r re o te d )  RESUIffS.
(C o rreo ted  to  S o rfaoe  Area 1 .73  H2 . )
P.C.V .
..............




Normal v a lu e s 45 1136 626 123 0.197 70.9 7.92 1 .56
P a t ie n t 40 1069 654 103 0.157 6 1 .2 1 0 .6 8 1 .69
% o f  normal - 96 104 84 80 7 7 .5 134
108
I .  R .P .P . +  G.F.R.
P rim ing: PAH 20#
I n u l in  10%
11. TnpAH
Prim ing: PAH 20# 20  m l.
S u s ta in in g : PAH 20$ 8  m l,
I n u l in  10# 55  m l.
S u s ta in in g : PAH 20# go
S a lin e  4 30  m l.
R ate : 9 6  d rops per m in u te .
S t a b i l i s a t i o n  p e r io d : 2 4 m in u te s .
S u s ta in in g  I  210 ml* 
R a te : 96 drops p e r  m inuto .
S t a b i l i s a t i o n  p e r io d : 23  m inu tes
Time
(odnsO
Blood U rine Remarks.
0
D isoard
17 .50 l e t
3 0 .8 0 1 s t
Time








































IVF a t  15 m inutes. 
No ex cre tio n  from 
l e f t  kidney.
F ig . 15. ABk.
IVP a t  90 m inutes. 
Bladder appearance.
Fig. 16. EC.
IVP. No ex cre tio n  
from r ig h t  kidney.
Note old tuberculous 
le s io n  of spine L3.L4-.
F ig . 17. MM.
IVP. Poor ex cre tio n  from 
r ig h t  kidney. Some 
d i la ta t io n  of calyces l e f t  
kidney*
Fig. 18. JMcA.
IVP. C onsiderable 
d i s to r t io n  of r ig h t  
kidney  shadow. L e ft 
kidney f a i r l y  norm al. 
Small b lad d er shadow. 
M u ltip le  c a lc i f ie d  
glands in  abdomen.
F ig . 19. HMcL.
IVP. No e x c re tio n  v i s ib le  
from l e f t  k idney . Some 
d i l a t a t io n  of r ig h t  
kidney p e lv is .
Fig. 20. D0*R.
IVP. Both k idneys 
e x c re tin g  dye. C onsiderable 
d i s to r t io n  and d i l a t a t io n  
of r ig h t  k idney . Some 
d is to r t io n  and d i l a t a t io n  
of l e f t  k idney  p e lv is .
F ig . 21. JP..
IVP. Both kidneys 
e x c re tin g  th e  dye. Some 
i r r e g u la r i t y  of low er 
calyx  r ig h t  k idney.
Fig. 22. RS.
S tra ig h t X -ray.
C alcified, l e f t  kidney 
and l e f t  u r e te r  v is ib le .
F ig . 23. RS.
IVP. D ila ta tio n  of 
r ig h t  kidney w ith 
i r r e g u la r i ty  of calyx 
r ig h t  kidney. L eft 
kidney c a lc if ie d  and 
l e f t  u r e te r  c a lc if ie d .
Fig. 24. RS.
IVP. P o s t-o p e ra tiv e ly . 
Remnants of c a lc if ie d  
l e f t  u r e te r  v is ib le .  
Some i r r e g u la r i ty  of 
low er calyces of 
r ig h t  kidney.
F ig . 25. AT.
IVP. No ex cre tion  seen 
from l e f t  kidney. Right 
kidney appears to  be 
somewhat d i la te d .
Fig. 26. RY.
IVP a t  .5 m inutes.
No excre tio n  seen from 
l e f t  kidney. Some 
d i la ta t io n  and 
i r r e g u la r i ty  of o u tlin e  
of r ig h t  kidney a t  
5 m inutes.
F ig . 27. RY..
IVP a t  15 m inutes.
L eft kidney very  s l ig h t  
shadow seen in  mid po le . 
R ight kidney appears 
more normal w ith some 
d i la ta t io n  of p e lv is .
F ig . 28. A.Bk.
Retrograde Pyelogram 
shows gross d i la ta t io n  of 
calyces throughout the 
kidney. There i s  a lso  
i r r e g u la r i ty  of the  
u re te r .
F ig . 29. A.Bk.
L a te ra l view shows d is to r t io n  
and c a v ita tio n  in  both 
upper and lower poles of 
the  kidney. P e lv is  i s  
i r r e g u la r  in  o u tlin e .
Fig. 30. A.-Bt.
Retrograde pyelogram 
Right kidney shows gross 
d i la ta t io n  of a l l  
re n a l calyces.
F i g e  31» A.Bt.
Retrograde pyelogram. 
Right kidney g rossly  
abnormal. L eft kidney 
i s  normal in  o u tlin e . 
S lig h t d is to r t io n  of 
calyces of lower po le . 
P e lv is  s l ig h t ly  d ila te d .
Fig,. 32. E,G.
Retrograde pyelogram 
L e ft kidney normal in  
o u tlin e . R ight kidney 
could n o t be c a th e te r is e d .
A.C.
L eft re tro g rad e  pyelogram. 
Some d i la ta t io n  of kidney 
p e lv is . R ight u re te r  
could no t be c a th e te r is e d .





L e ft kidney normal in  
o u tlin e . Right u re te r  
could no t be c a th e te r is e d .
M L
Retrograde pyelogram.
Right kidney some d i la ta t io n  
of k idney p e lv is . 
I r r e g u la r i ty  of o u tlin e  
ev iden t in  upper pole#.
Fig.. - A
R etrograde pyelogram.
L e f t  s id e  shows gross 
d i s to r t io n  o f k idney  
o u tl in e  w ith  c a v i ta t io n  
ev id en t in  upper and low er 
p o le s .
F ig . 37. JtliSA*
R etrograde pyelogram.
R ight k idney  normal in  
o u tl in e . L e f t u r e te r  
could n o t be c a th e te r is e d . 
Vague o u tlin e  of l e f t  
k idney  can be seen.
Fig. 38. H..McL.
R etrograde pyelogram. 
R ight k idney  shows normal 
p a t te r n .  L e ft u r e te r  
could n o t be c a th e te r is e d .
AC.I& S r
R etrograde pyelogram.
R ight u r e te r  p a r t i a l l y  
c a th e te r is e d . U re te r 
shows co n sid erab le  
d i l a t a t io n .  No kidney 
shadow ev id en t. L e ft 
kidney  shows some d i la ta t io n  
of p e lv is  and s l ig h t  i r r e g u ­
l a r i t y  of ca ly ces.
LtLt.
R etrograde pyelogram. 
L e f t  k idney  normal. 
R igh t u r e t e r  n o t 
c a th e te r is e d .
R etrograde pyelogram. 
R ight k idney  shows some 
i r r e g u la r i t y  o f middle 
caly ces  and d i l a t a t io n  
of p e lv is .
L e f t k idney  and u r e te r  
g ro s s ly  c a lc i f i e d .
REIIAL TUBERCULOSIS 





J.K. F. 23- 116/80 120/76 130 A o
M.P* F. 46 160/100 - 128/84
A.C. M.. 32 135/80 130A6 134/80
J.P . F. 23 128/86 120/84 130/80
R.S. M. 35 140A00 - 120/86
T.B. M. 45 124/70 136/84 106/84
V.B. M. 38 130/94 130 /80 118/86
J.McA. M. 26 140/84. 118/86 120/80
M.F. F. 18 135^0 110/86 116/84
R.Y. M.. 12 112/82 106/84 110/30
W.N. M. 29 180A00 I 60AOO 128/86
D.O*R. M. 18 112/80 130/84 118/86
M.B. F. 33 130 /80 124/82 132/86
A.F. M. 29 114/90 130/80 116/86
H.P. F. 4-2 130/84 118/80 120/82
U.S. M. 62 210A10 120A4 130/96
H.McL. M. 25 140/86 130/84 120/84
A.Bk. F* 42 ZL0A20 170A10 164/84
K.M. F. 44 150A00 164A04 150/80
E.C. F. 55 160A04 170 Al 2 150/76
Pig. 4-2.
TUBERCULOSIS OF KIDNEY 




J.M. 23 6 8 .0 32.3 4 0 .0
M.P. 31 65 .6 44.1 4 0 .0
A.C. 32 63 .6 59.2 58.7
J .P . 23 61.2 60.4 34.0
R .S. 35 60 .2 31.9 38 .6
T.B. 45 53.1 6 2 .0 5 0 .6
V.B. 38 52.9 52.4 53.9
J.McA. 26 49.2 39.9 35.8
M.F. 18 48.9 4 0 .6 54.4
R.Y. 12 45.7 4 6 .8 45.0
W.N. 29 45.4 38.5 46.7
D.O'R. 18 4 4 .6 38 .6 45.4
I.i« B« 33 39.6 45.4 32.1
A.F. 29 3 8 .8 15.3 56.7
H.P. 42 38.3 33.6 43.9
A.T. 32 37.9 19.1 40.1
A .B t. 51 34.7 4 0 .8 40 .1
W.S. 62 29.7 20 .2 35.0
H.UcL. 25 28 .1 29.1 39.1
A.Bk. 42 27 .2 31.3 30.9
M.M. 44 2 6 .8 44.0 19 .6
E.C. 55 2 4 .6 37.3 20.4
F ig . 4.3 .
TUBERCULOSIS OF KIDNEY 





GROUP RPF GFR TniPAH RPF GFR ^ A H RPF GFR TdVah
Mean for  
Group
431 82 63.7 415 69 45.6 315 72 42.3
MILD
Mean as % 
Normal
69 67 80,7 66 56 57.8 50 59 53.6
Mean for  
Group
497 84 47.4 397 75 45.5 373 78 45.5
MODERATE
Mean as % 
Normal
79 68 60.5 64 61 57.7 60 63 57.7 '
Mean for  
Group
240 51 31.8 284 53 30.1 223 51 36.2
SEVERE
Mean as % 
Normal
38 41 40.4 45 43 3 8 .1 36 41 45.9
Mean 389 72 47.8 365 66 40.3 3O4 67 41.4
ALL CASES
Mean as % 
Normal.
62 58 60.5 58 54 51.1 49 55 52.5
F ig . 44 .
TUBERCULOSIS OF KIDNEY 
R .P .F . and O .F .R . Arranged A ccord in g  to  P r e -o p e r a t iv e  v a lu e  o f
TmpAH R e s u l t s .
NAME
R• P .F . G .F .R .
PRE-OP. POST-OP. PRE-OP. POST-OP.
1 /5 2 6 /1 2 1 /5 2 6 /1 2
J.M. 462 444 322 46 67 76
M.P. 243 235 195 57 52 58
A.C. 527 444 277 114 63 64
J .P . 654 628 449 103 85 85
R .S . 267 323 330 90 76 79
T .B . 481 376 372 97 80 78
V .B . 437 411 512 80 68 97
J.Mcn . 435 231 30 6 74 50 75
M.F. 461 440 375 92 86 80
R.Y. 450 314 422 111 63 81
W.N, 385 449 251 60 113 81
D.O»R. 672 529 435 90 84 65
M.B. 600 396 286 125 55 65
A .F . 305 468 280 56 85 70
H .P. 283 463 238 81 91 53
A .T . 416 260 215 91 32 50
A .B t. 232 303 392 43 45 25
W.S. 170 213 184 42 47 47
H.Me D. 216 384 219 42 53 44
A.Bk. 183 20 5 119 36 55 69
M.M. 157 141 171 22 18 41
E .C . 197 223 186 44 49 60
Fig. -45.
TUBERCULOSIS OF KIDNEY 
Fractional Figures Arranged. According to  Pre-operative  
Value o f B esu lts .
NAME
PRE-OPERATIVE POST-•OPERATIVE












Normal .197 7.92 I .56
J.M. .100 6.79 0.68 .151 13.74 2.C7 .237 8.05 1 .90
M.P. .233 3 .70 0.86 .226 5-33 1.18 .296 4.88 1 .44
A.C. .216 8.29 1.79 .142 7 .50 1.07 .231 4.72 1.09
J .P . .157 10.68 I .69 .137 10.40 1 .40 .198 13.20 2 .50
R.S. .144 4 .44 1 .50 • 235 10.13 2.38 .245 8.55 2.03
T.B. .201 9.06 1.82 .213 6.06 1.29 .209 7.35 1 .54
V.B. .182 8.26 1 .50 .165 7.88 1.29 .191 9 .50 1 .80
J.McA. .171 8.86 1.51 .217 5.79 1.26 .243 8.55 2.08
M.F. .198 9.42 1.87 .195 IO.84 2.12 .213 6.89 1.47
R.Y. .247 9 .84 2.42 .210 6 .70 1.35 .192 9.38 1.80
W.N. .078 8.48 1.32 .252 11.67 2 .94 • 323 5-38 1.73
D.O'R. .134 15.07 2.02 .158 13.70 2.17 .152 9.59 1.21
M.B. .209 15.15 3.15 .138 8.72 1 .20 .228 8.93 2.03
A.F. .184 7 .85 1.44 .181 30.59 5.52 .250 4-93 1 .23
H.P. .285 7 .38 2.11 .196 13.78 2.71 .223 5.42 1.21
A.T. .219 11.00 2 .40 • 123 13.61 1.68 .232 5.36 1.25
A.Bt. .235 5.27 1 .24 .220 5.02 1 .10 .210 2.97 0.62
W.S. .247 5.72 1.41 .221 10.54 2.32 .255 5 .20 1.34
H.McL. .195 7 .70 1 .50 .138 13.20 1.82 .198 5.61 1.11
A.Ek. .154 8.53 1.32 .180 9.67 1.74 .175 12.68 2.23
M.M. .143 5 .86 O.84 .130 3 .20 0.42 .237 8 .74 2.07
E.C. .223 8.01 1.79 .220 5.98 1 .31 .323 9.13 2.94
Fig. 4.6.
TUBSRC'JLOSIS OF KIDNEY 
Jre a  C learance T ests  Arranged According to  P e-O p era tiv e  V a lie  of Ti
NAME AGE SEX PRE-OP.
TmPAH
U .C .T ,( l) U .C .T .(2 )
PRE-OP. POST-OP. 





J.M. 23 P 6 8 .0 • • • 46 66 • • • 59 58
M.P. bS P 6 5 .6 36 74 49 43 81 45
A.C. 32 M 6 3 .6 68 • • • • • • 58 • • • • • •
J . P . 23 F 61 .2 121 75 72 119 78 61 •
R. S . 35 M 60 .2 • • • 88 66 . . . 101 67
T.B. 45 M 53 .1 132 97 58 134 77 63
V.B. 33 M 5 2 .9 98 66 67 115 63 65
J.tv'cA. 26 M 4 9 .2 95 49 • • • 71 55 • • •
N.P. 18 P 4 8 .9 89 91 70 84 71 63
r. y. 12 M 4 5 .7 78 46 85 76 40 69
W.N. 29 M 4 5 .4 • • • • • • 83 • • • • • • 62
D.O'R. 18 M 4 4 .6 94 68 76 83 84 97
M.B. 33 P 3 9 .6 124 37 47 83 38 37
A.F. 29 M 38.8 57 52 96 58 52 71
H.P. 42 P 3 8 .3 102 74 63 103 90 73
A .T . 32 M 3 7 .9 69 • • • 42 51 • • • 49
A .B t. 51 P 3 4 .7 36 66 33 50 57 - 41 >
W.S. 62 M 2 9 .7 48 44 108 46 40 91
H.McL. 25 M 28 .1 50 100 80 37 66 116
A.Bk. 42 P 2 7 . 2 33 55 68 41 66 63
M.M. 44 P 2 6 .8 36 18 33 11 18 29
E.C. 55 P 2 4 .6 53 44 42 59 50 57
P ig . 47.
TmPAH re s u l 'bs a re  ab so lu te  v a lues whereas U.C.T. r e s u l t s  a re  c a lc u la te d  
according  to  th e  Van Slyke maximum and standard  c lea ran ce  fonnu lae .
TUBERCULOSIS OF KIDNEY
R .P .F .  R e s u l ts  A rranged  According to p re-operative





D.O»R. 18 672 529 435
J .P . 23 654 628 449
M.B. 33 600 396 286
A .C . 32 527 444 277
T .B . 45 481 376 372
J.M . 23 462 444 322
M .F. 18 461 440 375
R.Y . 12 450 314 422
V .B . 38 437 411 512
J .MCA. 26 435 231 306
A .T . 32 416 260 215
W.N. 29 385 449 251
a . f . 29 305 468 280
H .P . 42 283 463 238
R .S . 35 267 323 330
M .P. 31 243 235 195
A .B t. 51 232 303 392
H.McL. 25 216 384 219
E .C . 55 197 223 186
A .B k. 42 183 205 119
W.S. 62 170 213 184
M.M. 44 157 141 171
Pig. 4B.
TUBERCULOSIS OF KIDNEY
G .F .R . R e s u l ts  A rran g ed  A cco rd in g  to  P r e - o p e r a t iv e
V a lu e .
NAME AGE PRE-OP. POST-OP.
1 /5 2 6 /1 2
M.B. 33 125 55 65
A .C . 32 114 63 64
R .Y . 12 111 63 81
J .P . 23 103 85 85
T .B . 45 97 80 78
M .F. 18 92 86 80
A .T . 32 91 32 50
D.O »R. 18 90 84 65
R .S . 35 90 76 79
H .P . 42 81 91 53
V .B . 38 80 68 97
J . MCA. 26 74 50 75
W.N. 29 60 113 81
M .P. 31 57 52 58
A .F . 29 56 85 70
J.M . 23 46 67 76
E .C . 55 44 49 60
A .B t. 51 43 45 25
H. M c L. 25 42 53 44
w . s . 62 42 47 47
A .B k. 42 36 55 69
M.M. 44 22 18 41
Fig. 4.9.
TUBERCULOSIS OF KIDNEY 
Q .F .R . and TtapAH Arranged A ooording to  P r e -o p e r a t iv e  v a lu e  
o f  R .P .F . R e su lts  .
NAME
0 . F .R . TmpAH
PRE-OP. POST-OP. PRE-OP. POST-OP.
1 /5 2 6 /1 2 1 /5 2 6 /1 2
D.O »R. 90 84 65 4 4 .6 3 8 .6 4 5 .4
J .P . 103 85 85 6 1 .2 6 0 .4 3 4 .0
M.B. 125 55 65 3 9 .6 4 5 .4 3 2 .1
A .C . 114 63 64 6 3 .6 5 9 .2 5 8 .7
T .B . 97 80 78 5 3 .1 6 2 .0 5 0 .6
J.M. 46 67 76 6 8 .0 3 2 .3 4 0 .0
M.F. 92 86 80 4 8 .9 4 0 .6 5 4 .4
R .Y. 111 63 81 4 5 .7 4 6 .8 4 5 .0
V .B . 80 68 97 5 2 .9 5 2 .4 5 3 .9
J.MCA. 74 50 75 4 9 .2 3 9 .9 3 5 .8
A .T . 91 32 50 3 7 .9 1 9 .1 4 0 .1
W.N. 60 113 81 4 5 .4 3 8 .5 4 6 .7
a . f . 56 85 70 3 8 .8 1 5 .3 5 6 .7
H .P . 81 91 53 3 8 .3 3 3 .6 4 3 .9
R .S . 90 76 79 6 0 .2 3 1 .9 3 8 .6
M.P. 57 52 58 6 5 .6 4 4 .1 4 0 .0
A .B t. 43 45 25 3 4 .7 4 0 .8 4 0 .1
H.MoL. 42 53 44 2 8 .1 2 9 .1 3 9 .1
E .C . 44 49 60 2 4 .6 3 7 .3 2 0 .4
A .Bk. 36 35 69 2 7 .2 3 1 .3 3 0 .9
w.s. 42 47 47 2 9 .7 2 0 .2 3 5 .0
M.M. 22 18 41 2 6 .8 4 4 .0 1 9 .6
Fig. 50.
fR .P .P . and TmpAH
TOBERCUIOSIS OF KIDNEY 
A rranged  A o o o rd in g  to  P r e - o p e r a t iv e  
G .F .R . R e s u l t s .
v a lu e  o f
NAME
R.P .P . ^PAH
PRE-OP. POST-OP. PRE-OP. POST-OP.
1 /5 2 6 /1 2 1 /5 2 6 /1 2
M .B. 600 396 286 3 9 .6 4 5 .4 3 2 .1
A .C . 527 444 277 6 3 .6 5 9 .2 5 8 .7
R .Y . 450 314 422 4 5 .7 4 6 .8 4 5 .0
J .P . 654 628 449 6 1 .2 6 0 .4 3 4 .0
T .B . 4 8 1 376 372 5 3 .1 6 2 .0 5 0 .6
M .F. 461 440 375 4 8 .9 4 0 .6 5 4 .4
a . t . 416 260 215 3 7 .9 1 9 .1 4 0 .1
D.O»R. 672 529 435 4 4 .6 3 8 .6 4 5 .4
R .S . 267 323 330 6 0 .2 3 1 .9 3 8 .6
H .P . 283 463 23 8 3 8 .3 3 3 .6 4 3 .9
V .B . 437 41 1 512 5 2 .9 5 2 .4 5 3 .9
.T.MoA. 435 231 306 4 9 .2 3 9 .9 3 5 .8
W.N. 385 44 9 251 4 5 .4 3 8 .5 4 6 .7
M .P. 243 235 195 6 5 .6 4 4 .1 4 0 .0
A .P . 305 46 8 280 3 8 .8 1 5 .3 5 6 .7
J.M . 462 444 322 6 8 .0 3 2 .3 4 0 .0
E .C . 197 223 186 2 4 .6 3 7 .3 2 0 .4
A .B t . 232 303 392 3 4 .7 4 0 .8 4 0 .1
H .Mo L. 216 384 219 2 8 .1 3 9 .1 3 9 .1w.s. 170 213 184 2 9 .7 2 0 .2 3 5 .0
A .B k . 183 205 119 2 7 .2 3 1 .3 3 0 .9
M.M, 157 141 171 2 6 .8 4 4 .0 1 9 .6
Fig. 51.
TUBERCULOSIS OF KIDNEY 
Group Means o f  F ra c tio n a l F igures
GROUP



















Tm >  75% .1 7 0 6 .78 1 .3 0 .178 9 .4 2 1.62 .241 7 .88 1 .7 9
Tm 50% -  75% .178 1 0 .5 2 1 .9 5 .19-4 8 .9 2 1 .7 0 .219 8 .2 0 1 .7 1
Tm <  50% .209 7 .4 8 1 .5 6 .179 1 1 .7 3 2 .0 7 .2 3 4 6 .6 7 1 .5 6
Fig* 52.
CORRELATION OF Tin w ith  R .P .F .
1 . 2 . 3. 4. 5. 6 .
Observation
No. TmPAH
R.P.F. X 2 7 2 x x 7
X 7
-
1 . 6 8 .0 462 4 6 2 4 .0 0 213444 31416.0
2 . 6 5 .6 243 4303.36 59049 15940.8
3. 6 3 .6 527 4044.96 277729 33517.2
4. 6 1 .2 654 3745.44 427716 40024.8
5. 6 0 .2 267 3624.04 71289 16073.4
6 . 53.1 481 2819 .61 231361 25541.1
7. 52.9 437 2798.41 190969 23117.3
8 . 49.2 435 2420.64 189225 a 402.0
9. 43.9 461 2391.21 2125a 22542.9
1 0 . 45.7 450 2088.49 202500 20565.0
1 1 . 45.4 385 2061.16 148225 17479.0
1 2 . 44.6 672 1989.16 451584 29971.2
13. 39.6 600 1568.16 360000 23760.0
H . 38.8 305 1505.44 93025 11834.0
15. 38.3 283 1'66.89 80089 10338.9
1 6 . 37.9 416 1436.41 173056 15766.4
1 7 .- 34.7 232 1204.89 53824 8050.4
18. 29.7 170 882.09 28900 5049.0
19. 28.1 216 789.61 46656 6 0 6 9 .6
20. 27.2 183 739.84 33489 4977.6
ZL. 2 6 .8 157 718.24 24649 4207.6
22 . 24.6 197 605.16 38809 4846.2
Total. 984.1 8233 47826.41 3608109 392990.4
Mean Value 44.7 374 2173.93 164005 17863.2
Standard deviation of Tnip j^ = 1 3 .2 6
Standard deviation of R.P.F. = 155
Correlation c o -e ff ic ie n t  r = + 0 .5 6
Fig. 53.

















1. 68.0 . 46 4624.00 2116 3123.0
2. 65.6 57 4303.36 3249 3739.2
3. 63.6 114 4044.96 12996 7250.4
4. 61.2 103 3745.44 10609 6303.6
5. 60.2 90 3624.04 8100 5418.0
6. 53.1 97 2819.61 9409 5150.7
7. 52.9 80 2798.41 64OO 4232.0
8. 49.2 74 2420.64 5476 3640.8
9. 48.9 92 2391. a 8464 4498.8
10. 45.7 111 20S8.49 123a 5072.7
11. 45.4 60 2061.16 3600 2724.0
12. 44* 6 90 1989.16 8100 4014.0
13. 39.6 125 1568.16 15625 4950.0
u . 38.8 56 1505.44 3136 a 7 2 .8
15. 38.3 81 1466.89 6561 3102.3
16. 37.9 91 1436.41 8281 3440.9
17. 34.7 43 1204.09 1349 1492.1
18. 29.7 42 882.09 1764 1247.4
19. 23.1 42 789.61 1764 1180.2
20. 27.2 36 739.84 1296 979.2
a . 26.8 22 718.24 484 589.6
22. 24.6 44 605.16 1936 1082.4
Total 984.1 1596 47826.41 133536 75417.1
Mean Value 44.7 73 a 7 3 .9 3 6070 3428.05
Standard deviation  of Tmp i^ _ 1 3 .2 6
Standard deviation of G.F.R. = 27.2
Correlation c o -e ff ic ie n t  r — + O.4 6
Fig. 54-















1. 27 65.6 4 5 0 3 .3 6 729 1771.2
2. 51 6 3 .6 4 0 4 4 .9 6 2601 3243.6
3. 91 61.2 3 7 4 5 .4 4 8281 5569.2
4. 99 53.1 28 1 9 .6 1 9801 5256.9
5. 73 52.9 27 9 8 .4 1 5329 2 8 0 3 .7
6. 71 49.2 2 4 2 0 .6 4 5041 3493.2
7. 67 48.9 23 9 1 .2 1 4489 3276.3
8. 59 45.7 2088.49 3481 2 6 9 6 .3
9. 71 44.6 1 9 8 9 .1 6 5041 3 1 6 6 .6
10. 93 39.6 1568.16 8649 3 6 8 2 .8
11. 43 3 8 .8 1 5 0 5 .4 4 1849 1 6 6 8 .4
12. 77 38.3 1 4 6 6 .8 9 5929 2949.1
13. 52 37.9 1436.41 2704 1970.8
14. 27 34.7 1 2 0 4 .0 9 729 936.9
15. 36 29.7 882.09 1296 IO6 9 .2
16. 38 28.1 7 8 9 .6 1 1444 1067.8
17. 25 27.2 739.84 625 680.0
18. 27 2 6 .8 718.24 729 723.6
19. 40 24.6 605.16 1600 984.0
Total 1067 8105 37517.21 70347 47009.6
Mean value 56 42.7 1974.59 3702 2474.2
Standard deviation of U.C.T.(low PAH)= 23.8  
Standard deviation of “ 12.3
Correlation c o e ff ic ie n t  r = + 0.32
Fig. 55.










y2 x x y
1 . Z1 57 729 3249 1539
2 . 51 114 2601 12996 5814
3. 91 103 8231 10609 9373
4- 99 97 9801 9409 9603
5* 73 80 5329 64OO 5840
6 . 71 74 5041 5476 5254
7.- 67 92 4489 8464 6164
8 . 59 111 3481 123a 6549
9. 71 90 5041 8100 6390
1 0 . 93 125 8649 15625 11625
1 1 . 43 56 1849 3136 2408
1 2 . 77 ' 81 5929 656L 6273
13. 52 91 2704 8281 4732
14. 27 43 729 1849 1161
15. 36 42 1296 1764 1512
1 6 . 38 42 1444 1764 1596
17. 25 36 625 1296 900
18. 27 22 729 484 594
19. 40 44 1600 1936 1760 • v
Total 1067 1400 70347 119720 89087
Mean Value 56 74 3702 63d 4689
Standard deviation of U.C.T.(low PAH) = 23*8 
Standard deviation of G.F.R. = 2 8 . 7
Correlation co -e ffic ien t r = + 0.80
F ig , 56.
















1. 4.62 46 213444 2116 a 252
2. 243 57 59049 3249 13851
3. 527 114 277729 12996 60078
4. 654 103 427716 10609 67362
5. 267 90 71289 8100 24030
6. 481 97 231361 9409 46657
7. 437 80 190969 6400 34960
S. 435 74 189225 5476 3 a90
9. 461 92 212521 8464 42412
10. 450 111 202500 123a 49950
11. 385 60 148225 3600 23100
12. 672 90 451584 8100 60430
13. 600 125 360000 15625 75000
M . 305 56 93025 3136 17080
15. 283 81 80089 6561 22923
16. 416 91 173056 8231 37856
17. 232 43 53824 1849 9976
18. 170 42 28900 1764 7140
19. 216 42 46656 1764 9072
20. 183 36 33489 1296 6588
21. 157 22 24649 484 3454
22. 197 44 38809 1936 8668
Total 8233 1596 360S109 133536 674079
Mean Value 374 73 164005 6070 30640
Standard deviation of R.P.F. f = ^55 
Standard deviation of G.F.R. =: 27.2











O 50IO 3 0 4 0 6020 7 0 8 0 9 0  IOO
UCT (low PAH)
Fig*. 58.
S c a tte r  diagram showing c o r re la t io n  between GFR (Glom erular 
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R  P F .
F ig . 59.
S c a t te r  diagram showing c o r re la t io n  between GFR (Glomerobr 
F i l t r a t i o n  Rate) and RPF (Renal Plasma Flow)
L e ft k idney . A.Ek. Female. Age 4-2.
lo b u la te d  suggesting  th e  presence of 
Weight was 250 gms.
F ig . 60.
Surface i s  
abscesses .
F ig . 60L. L e f t k idney. A.Bk* Female. Age 4-2*
The cu t su rface  re v e a ls  th e  p resence of f iv e  la rg e  
caseous ab scesses .
H is to lo g ic a lly  an advanced re n a l tu b e rc u lo s is . 
Tubular fu n c tio n
Pre-operative 34$ of average normal.
Fig.. 62. R ight k idney . A.Bt. Female. Age 52.
A sm all k idney weighing 112 gins, and showing cu t 
su rfa c e . The p e lv is  i s  d i la te d  and l in e d  by tubercu lous 
g ra n u la tio n  t i s s u e ;  m u ltip le  s c a tte re d  tu b e rc le s  a re  
p re se n t in  th e  m edulla and co rtex  -  some of which 
a re  caseous.
H is to lo g ic a lly  a  w idespread tu b e rc u lo s is .
Tubular fu n c tio n
Pre-operative 44$ of average normal.
F ig . 63 . R ight k idney . T.B. Male. Age 45*
This k idney  measured 130 x 60 x 60 mms. and weighed 
245 gms. On cu t su rface  a  la rg e  lo b u la te d  abscess 
i s  p re sen t in  th e  mid zone of th e  kidney. The low er 
ca lyces are  d i la te d .
H is to lo g ic a lly  an a c tiv e  re n a l tu b e rc u lo s is .
Tubular fu n c tio n  r -
Pre-operative 67$ of average normal.
'
F ig . 64 . R ight k idney . WB. Male. Age 38.
This k idney measured 110 x 60 x  85 mms. and 
weighed 265 gms. There i s  g ross f o e ta l  
lo b u la tio n .
F ig . 65 . R ight k idney. V.B. Male. Age 38.
On cu t su rface  th e  kidney i s  a  bag of caseous pus 
w ith  a  sm all a rea  o f r e la t iv e ly  normal t i s s u e  a t  
th e  upper p o le .
H is to lo g ic a lly  an a c tiv e  c a se a tin g  tu b e rc u lo s is . 
Tubular fu n c tio n
Pre-operative 67$ of average normal.
F ig . 66. L e ft k idney . M.B. Female. Age 33.
Kidney i s  o f normal contour m easuring 120 x  60 x 35 mms*
On s e c tio n  th e  prim ary  ca lyces and p e lv is  a re  d i la te d .
A tubercu lous c a v ity  i s  seen in  th e  mid zone. Many 
p e te c h ia l  haemorrhages in  p e lv ic  mucosa.- 
H is to lo g ic a lly  an e a r ly  re n a l tu b e rc u lo s is .
Tubular fu n c tio n
Pre-operative 50.2$ of average normal.
F ig . 67 . R ight k idney. A.C. Male. Age 32.
A norm ally  shaped kidney weighing 180 gms. w ith  an 
i r r e g u la r ly  lobulated su rfa ce , w ithout abscess o r 
scar.-
F ig . 68 . R ight k idney. A.C. Male. Age 32.
On c u t su rface  th e re  i s  co alesc in g  tu b e rc u lo s is  
confined to  th e  m edulla. There i s  no c ase a tio n . 
H is to lo g ic a lly  a  p r o l i f e r a t iv e  tu b e rc u lo s is .
Tubular fu n c tio n :-
P re -o p e ra tiv e  81$ of average normals
F ig . 69 . R ight k idney . A.F. Male. Age 29.
A very  la rg e  lo b u la te d  k idney  weighing 4-05 gins. 
Upper p o le  i s  wide bu t th e  low er po le  narrow and 
haem orrhagic.
The k idney  f e l t  c y s t ic .
F ig . 70. R ight k idney . A.F. Male. Age 29*
On cu t su rface  i t  i s  g ro s s ly  hydronephro tic .
The p e lv is ,  p rim ary and secondary calyces a re  
a l l  d is ten d ed .
H is to lo g ic a lly  an advanced tubercu lous p y e lo n e p h r itis . 
Tubular fu n c tio n r-
P re -o p e ra tiv e  4-9$' o f average norm al.
F ig . 71. R ight k idney . M.F. Female. Age 18. 
Kidney o f normal s iz e  and contour weighing 175 gms.
F ig , 72. R ight k idney . M.F. Female. Age 18.
On cu t su rface  th e  prim ary and secondary calyces 
a re  g ro ss ly  d i la te d ,  e sp e c ia lly  in  th e  upper h a l f .  
Abscess c a v i t ie s  a re  seen in  th e  low er p o le . (The 
calyces contained  blood s ta in e d  in s p is s a te d  p u s .)  
H is to lo g ic a lly  a  widespread and advanced tu b e rc u lo s is .
Tubular fu n c tio n s -
Pre-operative 62% of average normal.
F ig . 73* L e f t  k idney . M.M. Female. Age 44*
This kidney weighed 175 gms. S evera l sm all cy sts  
p re s e n t.
S '
ti
F ig . 74 . L e ft k idney . K.M., Female. Age 44..
On c a t su rface  th e  c y s ts  a re  seen to  be confined to
th e  co rtex . S c a tte red  tubercu lous c a v i t ie s  a re  most 
numerous a t  th e  p o le s .
Tubular fu n c tio n ?-
Pre-operative 34$ of average normal.
F ig . 75* L e ft k idney  (x 4-/5) H.McL. Male. Age 25.
A la rg e  lo b u la te d  kidney w ith  a  smooth su rface  
m easuring 14-5 x  80 x 75 mms. and weighing 4-25 gms.
On cu t su rface  p e lv is  and a l l  th e  caly ces  a re  
g ro ss ly  d i la te d  and f i l l e d  w ith  caseous pus. 
H is to lo g ic a lly  a  widespread tu b e rc u lo s is .
Tubular fu n c tio n r -
Pre-operative 35* 7% of average normal.
F ig . 76. L e f t k idney . J.McA. Male. Age 26 . 
Kidney of normal contour weighing 155 gms..
Fig. 77. Left kidney. J.McA. Male. Age
On cu t su rface  th e  p e lv is ,  prim ary and secondary 
calyces a re  d i la te d  and f i l l e d  w ith  caseous pus.
H is to lo g ic a lly  a  w idespread tu b e rc u lo s is .
Tubular fu n c tio n : -
P re -o p e ra tiv e  62% of average norm al.
F ig . 78. R ight k idney . D.OfR. Male. Age 18.
Normal shaped kidney w ith  d i la te d  p e lv is .  Weight 185 gins
O*1 Cut s e c tio n  th e  prim ary and secondary calyces a re  
seen to  be d i la te d .
H is to lo g ic a lly  an un u su ally  w idespread tu b e rc u lo s is . 
Tubular fu n c t io n :-
Pre-operative 56$ of average normal.
Fig* 79* R ight k idney . H.P. Female* Age 42.
Kidney appeared to  be normal weighing 120 gms.
On cu t su rface  two sm all p o in ts  of f ib r o s i s  a re
seen in  a pyramid a t  th e  low er p o le .
H is to lo g ic a lly  a  h ea lin g  tu b e rc u lo s is .
Tubular fu n c tio n
Pre-operative I&% of average normal.-
F ig . SO, R ight k idney. J .P .  Female. Age 23.
Normal shaped kidney measuring 120 x 70 x 4-0 mms. 
and weighing 160 gms. On th e  p o s te r io r  a sp ec t 
two groups of tu b e rc le s  p re se n t a t  th e  upper p o le  
and ano ther l a r g e r  group seen in  th e  mid zone.
F ig , 81. R ight k idney . J .P .  Female. Age 23.
On th e  cu t su rface  p e lv is  i s  s l ig h t ly  d i la te d  and 
t in y  co a lesc in g  tu b e rc le s  a re  p re se n t u n d erly ing  th e  
s u p e r f ic ia l  le s io n s .
H is to lo g ic a l ly  an a c tiv e  bu t ve ry  lo c a l is e d  re n a l 
tu b e rc u lo s is .
Tubular fu n c tio n
Pre-operative 77,5% of average normal.*
Fig. 82. Left kidney. W.S. Male. Age 62.
A sm all k idney  of normal shape weighing 100 gins, and 
showing a f in e ly  g ran u la r su rface  w ith  a few depressed  
scars.-
Fig. 83- Left kidney. W.S. Male. Age 62.
On cu t su rface  th e  p e lv is  i s  s l ig h t ly  d i la te d  and 
th e  prim ary and secondary ca lyces co n sid e rab ly  d i la te d  
In  th e  upper po le  la rg e  numbers of sm all abscesses 
a re  seen in  th e  pyramids and th e  c o rtex .
H is to lo g ic a l ly  a  w idespread p r o l i f e r a t iv e  tu b e rc u lo s is
Tubular fu n c t io n :-
Pre-operative of average normal.
F ig . 84. L e f t k idney . A.T. Male. Age 32.
This i s  a  sm all b u t u n u su a lly  th ic k  k idney weighing 
170 gms. The su rfa ce  shews f a i n t  f o e ta l  lo b u la tio n  
and co n ta in s  many depressed  sca rs  bu t no abscesses.-
F ig . 85. L e f t  k idney . A.T. M ale. Age 32.
The c u t su rface  re v e a ls  th e  p rim ary  and secondary 
caly ces  to  be g ro ss ly  d i la te d  and co n ta in in g  caseous 
pus. The u r e te r  i s  th ickened .
H is to lo g ic a lly  an a c tiv e  tu b e rc u lo s is .
Tubular fu n c tio n s -
Pre-operative I$% of average normal.
F ig . 86. L e f t  k idney . R.Y. Male. Age 12.*
A sm all k idney  weighing 90 gms. Two is o la te d  la rg e  
abscesses a re  v i s ib le  on th e  a n te r io r  su rface  n e a r th e  
low er po le  and in  th e  middle of th e  p o s te r io r  su rfa ce . 
On cu t su rface  th e  k idney  i s  hydronephro tic . A ll th e  
ca lyces and th e  p e lv is  a re  d i la te d .
H is to lo g ic a lly  a w idespread c a se a tin g  tu b e rc u lo s is .
Tubular fu n c tio n  : -
Pre-operative 57% of average normal.
F ig . 87. A.Bk. H. & E. x  50.
Tuberculous p y e l i t i s  w ith  co n sid e rab le  round 
c e l l  re a c tio n . C aseation  and f ib r o s i s  ev ident*  
T reated  w ith  Streptom ycin and PAS.
F ig . 88. A.Ek.
U r e te r i t i s .  R eactive f ib r o s i s .
Attempt to  shu t o ff  tubercu lous le s io n .
g ia n t c e l l  system s.
re a c tiv e  f ib r o s is . .
v-y-
. F ig . 89. V.B. H & E x 65..
T ubercles a re  undergoing in v asio n  by 
g ra n u la tio n  t i s s u e .
T rea ted  w ith  Streptom ycin and INAH.
destroyed  glom erulus.
in v asio n  of tu b e rc le s  
w ith f ib ro u s  t i s s u e .
ca se a tin g  tu b e rc le s .
re a c t iv e  round c e l l ,  
i n f i l t r a t i o n .
la rg e  c a se a tin g  a re a .
Large caseous a rea  undergoing g ra n u la tio n . 
T reated w ith Streptom ycin and INAH.
g ia n t c e l l  system s.
re a c t iv e  f ib r o s i s .
f i g .  91 . A.C. H. & E. x 65.
S evera l g ia n t c e l l  systems ev id en t. 
C onsiderable g ra n u la tio n  talcing p la ce . 
T reated  w ith Streptom ycin, INAH and PAS.
co a le sc in g  tu b e rc le s .
nephros c le ro s  i  s .
g ia n t c e l l  system s.
F ig , M.M. M.G. x 50.
C aseating  tu b e rc le s  p re se n t w ith consid e rab le  
f ib r o - b la s t i c  re a c tio n .
N ephrosclerosis  ev iden t.
T reated  w ith  Streptom ycin and INAH.
F ig . 93. M.M. M.G. x 50.
N ephrosc le rosis  w ith  d e s tra c t io n  and re a c t iv e  
f ib r o s i s  ev id en t. O ccasional g ia n t c e l l  system s.
F ig . 9 4 . M.M. M.G. x  85
E n d a r te r i t i s  of middle s ized  v e s s e l w ith  
surrounding re a c tiv e  f ib r o s i s .
F ig . 95. M.M. M..G. x  250. 
A r te r io la r  e n d a r te r i t i s .
F ig . 96. H.McL. H. Sc E. x  110.
G ranu la tion  invading  c a se a tin g  tu b e rc le s . ' 
T rea ted  w ith  S treptom ycin and INAH.
round c e l l  re a c tio n
F ig . 97. M.P. H. & E. x 65.
C onsiderable f ib r o s i s  ev id en t. 
M u ltip le  g ia n t c e l l  system s.
T reated  w ith  INAH only.
moderate round c e l l  
i n f i l t r a t i o n .
RENAL TUBERCULOSIS 
UNTREATED
a re a  of c ase a tio n .
g ia n t c e l l  system s.
Widespread re n a l tu b e rc u lo s is .
There i s  no evidence of any h e a lin g  re a c tio n .
F ig . 99. S.W., H.& E. x 110.
Area of c a se a tio n  ev iden t w ith  mild re a c tiv e  
f ib r o s i s  ta k in g  p la ce .
NEPHRECTOMY
Function Minimal F un ction
norm al damage d e crea se d
NEPHRECTOMY
F u n ctio n  M oderate  
d ep re sse d  dam age
NEPHRECTOMY
Function S e v ere  F unction
dep ressed  damage in c r e a s e d
F ig . 100.
When a k idney  w ith  minimal damage i s  removed a  la rg e  
amount of norm ally fu n c tio n in g  re n a l t i s s u e  i s  l o s t .
In  s p i te  o f hypertrophy of th e  rem aining k idney th e  
lo s s  i s  n o t en tire ly  made good.
When a tubercu lous le s io n  of m oderate s e v e r i ty  i s  
p re se n t in  one kidney th e  fu n c tio n  of th e  rem aining 
k idney  i s  depressed . Nephrectomy removes com paratively  
l i t t l e  fu n c tio n a l t i s s u e  sc  th a t  hypertrophy  of th e  
rem aining kidney makes up th e  lo s s .
A sev e re ly  damaged kidney co n ta in s  l i t t l e  o r no 
fu n c tio n a l t i s s u e  and a lso  dep resses th e  fu n c tio n  of 
th e  c o n tr a la te r a l  k idney. When th e  d iseased  organ i s  
removed th e  rem aining one h y p ertro p h ies  w ith  th e  r e s u l t  
th a t  th e re  i s  an o v e ra ll  gain  in  re n a l fu n c tio n .
TUBERCULOSIS OF KIDNEY 
E ffe c t  o f Nephrectomy on Hypertension




M.P. 46 F. 160A 00 123/&4 170A 06
R.S. 35 M. 140A00 1 2 0 ^ 6 130/38
W.N. 29 M. ISOAOO 128/96 136A4
W.S. 62 H. 210A 10 130/96 160/98
A. He. 42 F. 2I0A 20 164/94 158^ 6
K.M. 44 F. 150A00 150/90 260A40 +
E.C. 55 F. 160A04 150/76 150A4
+ P atient now deceased..
Fig. 101.
F ig . 102. M.M. R ight k idney . Autopsy specimen.
Long narrow kidney m easuring 130 x  60 x  35 mms. and 
weighing 14-5 gms. Upper p o le  rep laced  by la rg e  c y s t 
4-0 mms. in  lo n g e s t d iam eter. G reat in c re a se  in  
p e lv ic  f a t .
F ig . 103. R ight k idney . Autopsy specimen. M.M. Female. Age 44-*
On cu t su rface  th e  upper p o le  i s  reduced to  a  narrow 
r in d . There a re  m u ltip le  la rg e  and sm all r e te n tio n  
c y s ts  ev id en t. P e lv ic  f a t  was in c reased .
F ig . 104. M.M. M.-G. x 50.
Severe h y p erten siv e  n e p h ro -sc le ro s is .
There i s  i n t e r s t i t i a l  f ib r o s i s ,  glom erulo­
s c le ro s is  and co n sid erab le  tu b u la r  a trophy . 
In  comparison w ith  F ig . 93 th e  degree of 
n e p h ro -sc le ro s is  i s  in c reased .
F ig . 10$. M.M. M.G. x  170.
I n t r a - lo b u la r  a r te ry .
There i s  th ick en in g  of th e  in tim a , f ib r o s is  
of th e  media and s p l i t t i n g  and fragm en ta tion  
of th e  in te r n a l  e l a s t i c  lam ina.
No evidence o f tu b e rc u lo s is .
F ig . 106. K.K. M.G. x  65 .
Renal a r te ry .
Gross m edial f ib r o s i s  and co n sid erab le  
in tim a l th ick en in g . Some s p l i t t i n g  
o f th e  in te rn a l  e l a s t i c  lam ina.
TUBERCULOSIS 0? KTDUEY 
Weight before and six months a f te r  nephrectomy




W.N. 10 0 11 8
J.M. 8 •11 9 5
M.P. 9 0 9 0
A.C. 9 10 10 12
J.P . 8 2 9 7
R.S. 9 10 11 4
T.B. 9 11 11 3
V.B. 15 0 14 6
J.McA. 12 12 12 10
M.F. 7 0 7 6
A.F. 9 7 10 0
H.P. 8 12 9 2
A.T. 10 3 12 5
A.Bt. 9 12 10 12
W.S. 10 12 12 4
H.KcL. 11 4 12 0
A. Be. 8 2 7 6
M.M. 8 0 9 0
E.C. 9 5 10 10
R.Y. 7 0 7 5
D.O'R. 9 0 9 0
M.B. 8 4 9 2
Fig. 107.
Specimen 1 .
Specimen 2.
Specimen 3*
Specimen ' 4-*
» 
-j
Specimen 5
